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The frontiers of cardiomyopathy 


From the Division of Cardiovascular Disease (Clinical Cardiology), Royal Postgraduate Medical School, and 


SUMMARY The history of cardiomyopathies over the past three decades is briefly surveyed and the 
definition of cardiomyopathy as “heart muscle disease of unknown cause" is reaffirmed. The recent 
slight modification of the classification based on disorders of structure and function into hyper- 
trophic dilated (congestive) and restrictive/obliterature cardiomyopathy is underlined. 

The hypothesis that hypertrophic cardiomyopathy results from abnormal catecholamine function 
_ in the developing heart is reviewed and supported. The concept of “obstruction” in hypertrophic 
' cardiomyopathy is critically reviewed and challenged on the basis that true obstruction to outflow 
> from the left ventricle is not present and that the pressure gradients often recorded are the result of 
elimination of the cavity of the ventricle as a result of powerful contraction of extensively hyper- 
trophied muscle. The importance of impaired diastolic function with general and regional abnor- 
malities of relaxation of a very complex nature is stressed. The natural history of hypertrophic 
cardiomyopathy is reviewed and the high incidence of sudden death confirmed in a personal series of 
over 250 patients studied over two decades. A relation between ventricular arrhythmia and sudden 
death has been noted. Studies of antiarrhythmic therapy disclosed that, while neither beta 
adrenergic blocking agents nor calcium blocking agents such as verapamil control arrhythmias 
studied by ambulatory tape monitoring, amiodarone is highly effective. It remains to be seen 
whether amiodarone will reduce the incidence of sudden death, the mechanism of which is discussed 
in the light of causes other than arrhythmia such as impairment of ventricular filling and reduction 
in left ventricular volume. A tentative scheme of treatment is suggested based on control’ of symp; 
toms with beta adrenergic blocking agents and management of arrhythmias with amiodarone. The 
aetiologies of dilated congestive cardiomyopathy remain obscure. The possible place of virus infec- 
tion leading to a disorder of cellular immunity is stressed. 

Endomyocardial fibrosis as the leading cause of restrictive/obliterative cardiomyopathy is briefly 
described and the similarities in pathology and haemodynamics between endomyocardial fibrosis of 
the tropics and Loeffler's eosinophilic endomyocardial fibrosis are stressed. Evidence that the imma- 
ture eosinophils found in patients with hypereosinophilic syndrome and endomyocardial disease can 


Finally, the involvement of cardiomyopathies in many fields of general internal medicine is stres- 
~ sed and it is suggested that no longer are the cardiomyopathies rare or curious diseases but relatively 
* common disorders which are of interest to medical scientists in many fields and no longer the sole 


problem of the cardiologist. 


Historical aspects 


Three decades ago the frontiers of cardiomyopathy 
were ill defined and nebulous because no working 
definition or classification had been suggested and 
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delineation was imprecise. The cardiomyopathies 
were often confused with myocarditis, a term used 
widely in a variety of pathological and clinical con- 
texts without clarity of expression: myocarditis was 
sometimes equated with cardiomyopathy, sometimes 
with a specific inflammatory disorder.! In the United 
States of America, Mattingly, Burch, and Proctor 
Harvey were selecting and studying cases in the 
1950's while in 1957 Brigden published his St Cyres 
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lecture on “untommon myocardial diseases; the non 
coronary cardiomyopathies".? Brigden pointed out 
the diversity of the disorder and the difficulty of 
classification and was among the first to use the term 
“cardiomyopathy”. Not surprisingly he regarded the 
cardiomyopathies as rare disorders which indeed they 
seemed to be at that time. 

My interest was kindled by Brigden's approach and 
in 1961 with colleagues Gordon, Hollman, and Bishop 
our first paper was published defining car- 
diomyopathy and attempting a classification.’ The 
definition was clumsy but was slightly modified in a 
subsequent paper on cardiac function in primary 
myocardial disorders as follows: ‘cardiomyopathy: an 
acute, subacute or chronic disorder of heart muscle of 
unknown or obscure aetiology, often with associated 
endocardial or sometimes with pericardial involve- 
ment but not atherosclerotic in origin’’.4 At this time 
it was suggested that the term “primary myocardial 
disorder’ should be used to describe those car- 
diomyopathies that were not the result of diseases in 
other parts of the heart, or elsewhere in the body; 
subsequently, in conjunction with Dr Celia Oakley, 
the definition of cardiomyopathy was simplified to “a 
disorder of cardiac muscle of unknown cause" while 
myocardial disorders that were part of a general sys- 
temic disease were termed "rare specific heart muscle 
diseases".5 Thus automatically any condition of 
which the cause or pathological process could be 
defined clearly was excluded from the definition of 
cardiomyopathy. This concept has not always been 
readily accepted but has received approval from the 
joint task force of the World Health Organisation and 
International Society and Federation of Cardiology on 
the definition and classification of cardiomyopathies.* 

The concept of a classification based upon the dis- 
orders of structure and function was introduced in 
.1964* when it was suggested that cardiomyopathies 
might present clinically in one of three ways; as con- 
gestive, constrictive, or obstructive types, respec- 
tively. 

Subsequent work has shown that these types are 
distinct entities that do not merge from one into the 
other. It has also been recognised that the “obstruc- 
tive" type is notable mainly for massive ventricular 
hypertrophy and impaired diastolic function. The 
definition was revised to “hypertrophic obstructive 
cardiomyopathy" when it was realised that massive 
hypertrophy was a cardinal feature of the disease. At 
this time it was generally agreed that obstruction to 
outflow of the left ventricle was an important feature 
of the condition, though it had been recognised that in 
some patients no such obstruction existed. The 
importance of obstruction was first questioned by 
Criley et al. in 1965* and by our group in 1971. We 
noted that as the disease became more severe the signs 
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of obstruction tended to disappear.? Since then, the 
Ne for true obstruction has become significantly 
ess. 

In addition to the hypertrophic, congestive, and 
constrictive types, a new group was introduced, that 
of obliterative cardiomyopathy, to indicate the effects 
of endomyocardial fibrosis in obliterating the cavity of 
the ventricle.!? !! 

Recently, three further changes have been made in 
the classification in the light of increasing knowledge. 
First, the word “obstructive” has been omitted from 
the definition of hypertrophic obstructive car- 
diomyopathy, and this type has come to be known 
simply as hypertrophic cardiomyopathy.!?^!* Second, 
the importance of ventricular dilatation in congestive 
cardiomyopathy has been recognised by the use of the 
word “dilated” in the definition. The term "conges- 
tive", which was introduced in 196? at a time when 
diagnosis was seldom made before the development of 
florid congestive heart failure, is now felt to be inap- 
propriate, especially as cases can now be recognised 
before overt congestive failure has occurred. 
Nevertheless, it is useful to retain the word “conges- 
tive" because it has become authenticated by frequent 
usage and its omission could cause confusion. 

Third, the restrictive and obliterative types have 
been combined into one group  (restrictive/ 
obliterative) because it is known that the obliteration 
is merely a late stage of the restrictive type (when 
resulting from endomyocardial fibrosis) and a separate 
obliterative group is therefore not warranted‘ 
(Fig. 1). 

It is important to emphasise the terminology used. 
Elimination refers to disappearance of the ventricular 
cavity by compression and apposition of its walls. 
Obstruction refers to organic mechanical hindrance to 
ventricular outflow. Resistance to filling refers to hin- 
drance to ventricular filling caused by a stiff, irregu- 
larly relaxing, poorly compliant, hypertrophied ventri- 
cle. Restriction to filling refers to organic interference 
resulting from endomyocardial disease of the ventricle 
with endocardial fibrosis and thrombosis. 

Despite the modifications inseparable from the 
growth of understanding, the classification of the car- 
diomyopathies has basically stood the test of time over 
two decades. Since any classification is necessarily 
incomplete and acts as a bridge between complete 
ignorance and total understanding in any biological 
system, further modification and changes are likely to 
occur as knowledge advances over the next two 
decades, and new discussions may widen the frontiers 
of cardiomyopathy further. 

Fig. 1 shows the major characteristics of hyper- 
trophic, congestive (dilated), and  restrictive/ 
obliterative types. 

In the hypertrophic type, which is familial, there is 
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CARDIOMYOPATHIES 
With gradient 
(asymmetrical septum) 
HYPERTROPHIC — 
Massive hypertrophy 


Reduced systolic volume 
Increased ventricular stiffness 
Difficulties in filling 

Good pump function 


CONGESTIVE (Dilated) 


Moderate hypertrophy 

Massive dilation 

Increased systolic and diastolic 
volumes. Poor pump function. 


RESTRICTIVE 


Restriction to ventricular filling, 

by rigid unyielding endocardial, sub- 
endocardial or myocardial, disease which 
impairs ventricular distension. 


Without gradient 





Mainly left ventricle and septum 
Patchy distribution of disease. i 
Genetic basis. 


Multifactorial syndrome. 
Uniform distribution of disease. 
Right and left ventricles. 
Usually acquired basis. 


Damage to endocardium by a 
toxic agent. 

Endomyocardial fibrosisEMF). 
EosinoohiliatLoffler). 


Good pump function. Tropical: Cryptogenic. 
(Severe amyloid may have similar 
clinical features without EMF). 
OBLITERATIVE 
Obliteration of ventricular cavities. Later stage of restrictive. 
gross distortion of atrio-ventricular valves. AN valvar regurgitation. 
Compromised pump function. 
Fig. 1 Types of cardiomyopathy. (Modified from The heart. 4th ed. 7. W Hurst, R B Logue, R C Schlant, t 


N K Wenger, editors. McGraw-Hill, New York. By permission of the editors and publishers.) 


massive muscle hypertrophy, concentration of hyper- 
trophy in the septum, powerful systolic function, but 
abnormal relaxation. I now believe that obstruction in 
hypertrophic cardiomyopathy does not occur in a true 
haemodynamic and mechanical sense though gra- 
dients do develop and are important. 

By contrast, the congestive dilated type has dilata- 
tion of the ventricular cavities and very poor pump 
function as its major characteristics. It is manifest by 
heart failure of unknown origin. It is now known that 
restrictive and obliterative cardiomyopathies are dif- 
ferent stages of the same disease, restrictive car- 
diomyopathy usually being caused by endomyocardial 
fibrosis either of the tropical variety or of the temper- 
ate zone variety with eosinophilia, as described by 
Loeffler in 1936.15 

It is the objective of this paper to indicate the direc- 
tion of new advances and knowledge and to show how 
cardiomyopathies extend into the realms of many 
branches of medicine. No attempt will be made to be 
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comprehensive or exhaustive but rather to be 
stimulating and provocative. ' 


Indeterminate diseases 


There are other disorders that cannot easily be 
classified but perhaps may be regarded as car- 
diomyopathy. These are: the arrhythmic syndrome in 
which heart failure may be produced by multiple 
repetitive arrhythmias which, if relieved, can be fol- 
lowed by improvement in heart failure; various disor- 
ders localised to the conducting tissue; prolapsing 
mitral valve syndrome; the long QT syndrome; and 
angina with “normal” coronary artries. It is not 
known whether this last syndrome is the result of a 
primary metabolic disorder or of a vascular problem 
but there are undoubtedly many subsets within this 
definition, in some of which the chest pain is not car- 
diac in origin. 


* 


4 
Hypertrophic cardiomyopathy 


The causation of hypertrophic cardiomyopathy is 
unknown but there are various clues which suggest 
that there may be a link between catecholamines, 
endocrine disorders, and hypertrophic car- 
diomyopathy. Experimental data show that the 
administration of nerve growth factor can cause 
hypertrophy, gradients, and myocardial fibre disarray 
in dogs, which also have an increased amount of 
catecholamines in the base of the heart. The condition 
so produced is irreversible. Witzke and Kaye!® sug- 
gested that there might be abnormal receptors in the 
heart. Laks et al.'? and Blaufuss et al.!5 have shown 
that noradrenaline in subhypertensive doses causes 
hypertrophic cardiomyopathy in dogs. In the clinical 
field adrenergic stimulation increases gradients and 
reduces diastolic compliance in the left ventricle, 
while beta adrenergic blockade reverses these 
effects.'° There is an association between disorders of 
catecholamines and neural crest tissue, such as 
neurofibromatosis, phaeochromocytoma, and 
lentiginosis.2°"22 Friedreich’s ataxia?? ?^ 1s also associ- 
ated with a hypertrophic type of cardiomyopathy and 
some evidence of autonomic disorder.???^ In addi- 
tion, systemic hypertension is present in around 10% 
of patients with hypertrophic cardiomyopathy. The 
finding of extensive noradrenosis in the outflow tract 
of the left ventricle in hypertrophic cardiomyopathy 
by Everson Pearse** has not been confirmed. 

There is additional evidence of an endocrine 
character. ‘Reversible hypertrophic cardiomyopathy 
has been noted in the infants of diabetic mothers.?* 
Triiodothyroacetic acid (TRIAC) given to pregnant 
rats caused myofibrillar disarray in the heart of the 
fetus but not of the mother.?' There is an association 
between hyperthyroidism and hypertrophic car- 
diomyopathy.?8 7° Hyperinsulinism and hypo- 
glycaemia may be associated with hypertrophic car- 
diomyopathy and increased catecholamine excretion. 
Experimental fetal hyperinsulinism causes selective 
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organ enlargement including the heart and it has been 
suggested there may be insulin receptors in the 
heart." Hyperinsulinism and cardiac hypertrophy 
occur in the Leprechaun syndrome.?! A relation bet- 
ween hypercalcaemia and catecholamines has been 
proposed by McFarland et al. ?? 

I have, therefore, speculated whether hypertrophic 
cardiomyopathy may be a genetically determined dis- 
order of handling of catecholamines by the developing 
fetal heart.! !! Ferrans et al.?? noted the similarity of 
the abnormal myofibrillar arrangements to the normal 
appearances in primitive hearts such as the salaman- 
der, while Manasek?^ had previously noted that the 
normal myofibrillar alignment depends on the stresses 
of contraction and relaxation of the developing heart. 
Abnormal alignment resulting from developmental 
error might affect relaxation and contraction. 

Perloff^ has summarised the evidence for the 
pathogenesis of hypertrophic cardiomyopathy based 
on this catecholamine hypothesis. He agreed that 
hypertrophic cardiomyopathy might well have its 
origin in utero. This would harmonise with my sug- 
gestions! !! that hypertrophic cardiomyopathy might 
be the result of abnormal responses of developing 
heart muscle to circulating catecholamines. Perloff 
added the interesting suggestion that there may be a 
failure of the normal regression of disproportionate 
septal thickness and myocardial fibre disarray in fetal 
life because of faulty interaction. between norad- 
renaline and myocardial receptor sites. 

Work on catecholamines and hypertrophic car- 
diomyopathy in man has been scanty but Dargie et al. 
(to be published) at the Royal Postgraduate Medical 
School have shown that plasma noradrenaline 
increased in the lying and standing positions during 
the cold pressor test and isometric handgrip, as com- 
pared with controls (Fig. 2). But these studies of 
peripheral catecholamine levels give little idea of car- 
diac catecholamine status. Further work is planned to 
investigate the catecholamine function of the 
heart. 











Table | Causes of sudden death in hypertrophic cardiomyopathy 
Cause Mechamsm Reason Frequency Prevention 
(D Arrhythmia (a) Ventricular tachycardia Myofibrillar disarray and fibrosis Common Amiodarone 

(increased automaticity; local 

re-entry) 

(b) Pre-excitation Abnormal connections between Rare Amiodarone 
atrium and ventricle bypassing 
A/V node l -— 

(2) Haemodynamic Reduction in left ventricular volume Resistance to filling of stiff Uncertain Avoid: vasodilatation; 


with apposition of ventricular 
wall and septum and loss of 
effective output (gradients 
variable); violent contraction of 
hypertrophic left ventricle 


incompliant left ventricle; 
tachycardia limiting time available 
for filling; loss of atrial contraction; 
powerful rapid contraction of left 
ventricle 


hypotension; 
hypovolaemia and 
avoid: undue tachy- 
cardia (SR or AF); 
positive inotropic 
drugs unless AF 
demands digitalis 


ee AAAA "VM ————— ÓeÓÍÀ—Ánn$À me À —— ————— ———— —— — — — — — — — — — — — — 





. The frontiers of cardiomyopathy 


PLASMA NORADRENALINE 


nM. 3 77/74 Control * p< 0.0 


** p< 0.01 
; Fe] HOCM — — i 





ISOMETRIC 


LYING 


STANDING COLD 
PRESSOR EXERCISE 
TEST 


Fig. 2 Plasma noradrenaline levels in patients with 
hypertrophic cardiomyopathy (HOCM. ) and in control subjects in 
lying and standing positions and after isometric handgrip and 
cold pressor stimulation. There is a significant increase in 

. catecholamine levels. in the cardiomyopathy patients. 
(Reproduced by permission of Dr Henry Dargie.) 


WHAT IS OBSTRUCTION? 

. I have stated!^ that true obstruction is a myth. It has 
been assumed, and is still accepted in many quarters, 
that true obstruction of blood flow from the left ven- 
tricle is an important feature of hypertrophic car- 
diomyopathy. It is true that pressure gradients in sys- 
tole are commonly, though not invariably, present 


and that they are of importance. They do not, how- - 


ever, constitute genuine haemodynamic obstruction 
to: outflow in the accepted sense as, for example, 
Occurs in severe valvar aortic stenosis. The variability 
of the gradient; the lack of correlation between gra- 
dients and prognosis, symptoms, or progression of the 
disease; the discharge of all the contents of the left 
ventricle in the first half of systole and the tendency 
for gradients to disappear as the disease advances,? 
together with a tendency for more widespread ven- 
tricular involvement to be unassociated with a gra- 
dient?? 36 all support this contention. Furthermore, 
gradients can be produced in any heart by powerful 
inotropic stimulation or acute ventricular hypo- 
volaemia.? These views are supported by the elegant 
work of Murgo et al.?? who measured high velocity 
flow and pressure in the left ventricle and aorta. These 
workers were unable to show any evidence of true 
` obstruction to outflow from the left ventricle. Ejection 
was completed earlier than in normal subjects and was 
independent of gradients. They concluded that hyper- 


5 
trophy and abnormal ventricular compliance play the 


dominant roles in hypertrophic cardiomyopathy. 
Angiocardiography shows almost complete or com- 


‘plete elimination of the apex and body of the left ven- 


tricle in systole in many cases and demonstrates the 
apposition of the mitral valve to the septum caused by 
the powerful contraction and the reduction in ven- 
tricular volume. The abnormal angulated shape of the 
left ventricle with massive papillary muscles of the 
mitral valve and massive hypertrophy of the septum 
and free wall is associated with greatly reduced left 
ventricular volume in systole (Fig. 3). The cavity is 
virtually squeezed out of existence by the fierce con- 
tractile action of the increased muscle mass. Indeed 
the cavity of the left ventricle is neither obstructed nor 
obliterated, but rather is virtually eliminated. 

Systolic anterior movement of the mitral valve 
apparatus and mid-systolic closure of the aortic valve . 
are present when gradients are found.3 It is the papil- 
lary muscles rather than the cusp of the mitral valve, 
however, that meet the hypertrophied septum.?? The 
apex of the left ventricle is eliminated by the power- 
fully contracting hypertrophied muscle mass (Fig. 4, 
Fig. 5). 

Gradients, however, are important and should not 
be dismissed. They are diagnostically valuable; they 
warn that powerful inotropic agents, manoeuvres, or 
drugs that reduce ventricular volume can be danger- 
ous; the presence of persistent gradients warns of 
possible associated fixed outflow tract obstruction 
requiring operation; and finally septal resection in 
selected patients can produce symptomatic relief 
though it does not improve prognosis. 

I do not support the view of Gilbert et al.4° that 
there are two types of patients with hypertrophic car- 
diomyopathy: those with obstruction (persistent or 
latent) and those without, with significant differences 
in function and prognosis. The presence or absence of 
gradients appears to be largely coincidental and not an 
indication of the basic and important underlying 
abnormalities of the disease. 


DIASTOLIC FAULTS 

The work of Webb Peploe et al. 1? in our laboratory 
and later at St Thomas's Hospital^! showed that beta 
adrenergic blocking agents administered acutely pro- 
duced an increase in left ventricular volume and a fall 
in left ventricular diastolic pressure, suggesting an 
improvement in diastolic function. It was suggested!! 
that catecholamine stimulation produced a fall in vol- 
ume with an increase in diastolic pressure and beta 
blockade produced the reverse. 

The rates of filling and relaxation of the left ventri- 
cle were studied by our group in collaboration with 
Dr Derek Gibson of the Brompton Hospital. Using 
angiocardiographic*? and echocardiographic techni- 
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Fig. 3 (a) Left ventricular angiogram in hypertrophic cardiomyopathy showing climination of the mid-portion 


and apex of the left ventricular cavity. (b) Left ventncular angiogram in hypertrophic cardiomyopathy showing 
angulation of left ventricular cavity. Left: systolic frame. Right: diastolic frame. 


ques?? we showed delay in opening of the mitral 
valve, indicating abnormal relaxation. Peak filling rate 
of the left ventricle correlated inversely with this 
delay. Isovolumic relaxation time was prolonged and 
this was considered to be a primary abnormality in 


hypertrophic cardiomyopathy. End-systolic dimen- 
sions were reduced and the rapid filling period tended 
to be prolonged. The filling pattern was abnormal, 
due both to impaired relaxation and to abnormal 
shape of the left ventricular cavity. Previous work by 
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Fig. 4 .Diagrammatic representation of the left ventricle, 
papillary muscles, chordae, and cusps of the mitral valve in 
dtastole (top) and systole (bottom), as viewed from the transducer 
of the echocardiograph. The contraction of the hypertrophic 
ventricular muscle forces the chordae and papillary muscles 
against the septum, eliminating the cavity. (Reproduced from 
Gehrke J and Goodwin F F Clinical Cardiology 1978; 1: 
152-72, with permission of the authors and editors of Clinical 
Cardiology.) 


Upton and colleages** had shown that left ventricular 
wall movement was incoordinate, patchy, and not 
uniform. 

Hanrath et al.*5 also reported prolonged isovolumic 
relaxation and a reduction in the rapid filling phase of 
diastole with an increase in ventricular dimensions. 

Alvares*® in our laboratory using phonocardiogra- 
phy, apex cardiography, and M-mode echocardiogra- 
phy showed that the normal sequence of events in 
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diastole is completely disrupted in hypertrophic car- 
diomyopathy. Aortic valve closure occurred after the 
minimum dimension of the left ventricular cavity, and 
the isovolumic relaxation period (from aortic valve 
closure to mitral valve opening), though often pro- 
longed, tended to be shortened in patients with gra- 
dients (Fig. 6). The effects of chronic beta adrenergic 
blockade were variable. In the majority of patients the 
active suction period was prolonged, thus aiding ven- 
tricular filling, but in the minority was shortened 
(Fig. 7). These results indicate the variability and 
incoordination of ventricular diastolic function and 
thus the difficulty of predicting the effects of any par- 
ticular drug. They also explain the diverse effects of 
beta adrenergic blockade. 

It is apparent that the diastolic abnormalities in 
hypertrophic cardiomyopathy are the most important 
feature of the disease and are exceedingly complex. 
Far from being uniform, they are patchy and irregu- 
lar, depending upon the extent and distribution of the 
myofibrillar lesions. Generalisations as to the exact 
disorder of the normal filling pattern in any individual 
patient are likely to be fallacious. 


DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

OF HYPERTROPHIC CARDIOMYOPATHY 

When gradients are present the diagnosis can be made 
at the bedside by three cardinal physical signs. The 
ejection murmur of late onset is heard at the apex, at the 
left sternal edge, and occasionally at the base of the 
heart. The arterial pulse shows a rapid upstroke and 
rapid decline and has an ill-sustained or jerky quality. 
The third sign is the palpable atrial beat caused by the 
strong contraction of the left atrium needed to fill the 
suff left ventricle (Fig. 8). 

When gradients are present the differential diag- 
nosis must include aortic valvar stenosis, subvalvar 
stenosis, mitral regurgitation, and ventricular septal 
defect but when the three major physical signs are 
present and when there is a family history of sudden 
death and symptoms of angina, dyspnoea, and syn- 
cope a diagnosis of hypertrophic cardiomyopathy can 
be made reliably at the bedside. 

When gradients are absent and there is little if any 
murmur the diagnosis is much more difficult. The 
heart may even appear to be normal, though a palp- 
able left atrial beat and jerky pulse are useful clues. 
Sometimes pulmonary hypertension may be noted 
because of the high left ventricular end-diastolic pres- 
sure. 

When there is an apical mid-diastolic murmur, 
mitral valve disease or left atrial myxoma may be sug- 
gested, while when there is mitral valve calcification 
and atrial fibrillation the differentiation from rheuma- 
tic heart disease can often not be made clinically and 
depends upon angiocardiography. In patients with 
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Fig. 5 M-mode echocardtogram in hypertrophic cardiomyopathy showing systolic anterior 
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movement of the mitral valve. The slit-like cavity of the left ventricle is almost eliminated in 
systole by the hypertrophied ventricular muscle and the mitral valve apparatus. The mitral 
valve cusps are thickened, probably as a result of turbulence of blood flow. (Courtesy of 


R Alvares, PhD.) 


angina but no abnormal physical signs, electrocar- 
diography showing deep T wave inversion, left atrial 
enlargement, and () waves may suggest the diagnosis. 

It is probable that hypertrophic cardiomyopathy 
masquerades as other conditions more frequently than 
is generally realised. 


MOST IMPORTANT DIAGNOSTIC TEST 

M-mode echocardiography is of value when all the 
features are present, namely disproportionate septal 
thickness, apparently poor movement of the septum, 
reduced systolic diameter of the left ventricle, pro- 
longed diastolic closure rate of the mitral valve, sys- 
tolic anterior movement of the mitral apparatus, and 
mid-systolic closure of the aortic valve. But these fea- 
tures can be found singly or even in combination in 
other conditions. 

M-mode echocardiography may fail to show any 
features of hypertrophic cardiomyopathy in a proven 
case. This is particularly likely to be the case where 
septal hypertrophy is localised and particularly 
asymmetrical and disproportionate. 

In my experience the most important diagnostic 
test is the angiocardiogram (Fig. 3). A detailed 
analysis of 100 of our patients showed that 90 had 
either elimination of the left ventricular cavity or pro- 
nounced narrowing of the mid portion of the ventri- 
cle, with angulation of the body. Sometimes contrast 
medium may be squeezed into the apex and almost 
isolated from the main cavity (Fig. 9). In six patients 


the cavity appeared normal or the papillary muscles 
merely somewhat prominent. In four patients the cav- 
ity was dilated. Characteristic features thus occur in 
9096 of patients but the disease can exist with almost 
normal appearances. Dilatation of the left ventricle is 
very rare and when it occurs is likely to be associated 
with severe widespread disease, extreme mitral regur- 
gitation, or massive myocardial infarction.*" Ven- 
tricular dilatation does not indicate that hypertrophic 
cardiomyopathy has progressed to dilated congestive 
cardiomyopathy, which is an entirely different dis- 
ease. 


EXPERIENCE IN PROGNOSIS: INCIDENCE OF 
SUDDEN DEATH 

My colleagues and I now have experience of 254 
patients followed for up to 23 years with a mean of six 
years. Forty-eight patients died, 32 of them suddenly. 
The deaths in other patients were mainly the result of 
congestive heart failure; embolism or infective 
endocarditis were uncommon causes.** The high 
incidence of sudden death has been noted by many 
investigators and was also seen in our previous 
studies.*? Of 119 patients, 69 with a gradient, 30 died, 
19 suddenly. In the multicentre study of Shah et ai. ,*° 
in which we took part, of 190 patients, 49 died, 26 
suddenly. No definite features predictive of sudden 
death could be detected at that time, but we now 
consider that young age (14 years or less), a strong 
family history, and progressive symptoms are all fea- 
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A2 - QO: Rapid Relaxation Period 
A2 - Mo: Isovolumic Relaxation Period 
Mo - O : Active Suction Period 


O -F - Slow Relaxation Period 





Rapid Filling Period 


Fig. 6 Diastolic time intervals in hypertrophic cardiomyopathy. Aortic valve closure (A2) occurs after the 
minimum dimension of the left ventricular cavity (Mo, mitral valve opening; O, nadir of apex cardiogram trace; F , 
end of slow relaxation period, SRP). (See text.) ( Reproduced from Alvares R, PhD Thesis, University of London 


1980, by permission of the author.) 


tures suggesting a bad prognosis. The historv, and 
particularly changes in symptoms, appear to be better 
predictors of poor prognosis than any haemodynamic 
or electrocardiographic measurements. Maron et al. 5! 
described families of “malignant” hypertrophic car- 
diomyopathy with a high incidence of sudden death. 

Although sudden death was originally thought to be 
caused by outflow tract obstruction, attention has 
recently been given to the possibility of arrhythmia as 
a cause by Goodwin and Krikler?? and by Maron 
et al.5? Krikler et al.5* described two patients who 
died suddenly. One patient had documented ventricu- 
lar fibrillation, the other had both a short PR interval 
and wide QRS complex, while there was a family his- 
tory of sudden death in both. At necropsy accessory 
bypass tracts were seen between the atrium and ven- 
tricle on the right side of the septum. Ingham er al. 55 
described 13 patients with arrhythmias and conduc- 
tion defects. Electrophysiological studies showed pro- 


longed His-Purkinje conduction. It is probable, how- 
ever, that ventricular arrhythmias are a more frequent 
cause of sudden death than supraventricular and that 
true pre-excitation is unusual in hypertrophic car- 
diomyopathy. Savage etal.5® noted ventricular 
arrhythmias in 50 of 100 patients subjected to 
ambulatory electrocardiographic monitoring and 
effort testing. 

A relation between sudden death and ventricular 
arrhythmia has been established by our group.*? This 
study examined the incidence of ventricular tachycar- 
dia and sudden death in a 72 hour electrocardio- 
graphic monitoring study of 86 patients. During 
monitoring 23 patients had ventricular tachycardia, 
10 having more than three episodes. The patients 
were followed for between one to four years (mean 2-6 
years). Seven died suddenly, and, of these, five had 
either multiform paired premature ventricular con- 
tractions or episodes of ventricular tachycardia. Ven- 
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Fig. 7 Effects of long term beta adrenergic blockade on diastolic time intervals in 
hypertrophic cardiomyopathy. The active suction period from opening of the mitral valve to 
the nadir of the apex cardiogram (Mo—O is prolonged in most, but not all, patients on beta 
blockade (hatched columns). (Reproduced from R Alvares, PhD Thesis, University of 


London, 1980, by permission of the author.) 
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Fig. 8 Phonocardiogram, carotid pulse tracing, apex 

cardiogram, electrocardiogram in hypertrophic cardiomyopathy 
showing the ejection murmur starting after the first heart sound, 
delayed aortic valve closure (P2, A2), sharply rising 

ill-sustained arterial pulse, atrial beat (thick arrow), and third 
heart sound (VG). (Reproduced from R Alvares, PhD Thests, 
University of London, 1980, by permission of the author.) 


tricular tachycardia was significantly associated with 
sudden death in older patients who had symptoms. 
This may or may not be true of younger patients also. 
There was no significant relation between supraven- 
tricular tachycardia and sudden death. 


EFFECT OF DRUGS ON ARRHYTHMIA AND 
PREVENTION OF SUDDEN DEATH 
The lack of effect of beta blockade in preventing sud- 
den death has been reported .5* In our studies*? about 
50% of patients; who died suddenly were on beta 
adrenergic blockade. These results and those of others 
suggest that beta blocking agents do not prevent sud- 
den death. Neither at rest nor on effort did beta 
blockade alter the incidence of supraventricular or 
ventricular arrhythmia. À few years ago Krikler and I 
theorised that the calcium blocking agent verapamil 
might be more effective than beta adrenergic blocking 
agents.5? But our further study?? of verapamil in an 
ambulatory electrocardiographic investigation showed 
that there was no significant reduction in the fre- 
quency of arrhythmias while on verapamil. 
Amiodarone, however, abolished ventricular 
tachycardia in 10 of 13 patients.5? Amiodarone rep- 
resents a significant advance in the treatment of 
arrhythmias in hypertrophic cardiomyopathy but we 
do not yet know whether it has significant 
haemodynamic effects. It is my impression that 
amiodarone improves severe cardiac pain, possibly 
because of its beta blocking action. Arrhythmia may 
not always be responsible for sudden death. Another 
possible cause was illustrated by one of our patients, 
reported by McKenna et al.99 This patient, while 
walking to the x-ray department with an escort, and 
wearing a 24 hour continuous monitor, suddenly - 
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Fig. 9 Left ventricular angiogram by hypertrophic cardiomyopathy showing extreme narrowing of the distal 





portion of the cavity and almost complete elimination of the apex with isolation of the tip of the ventricle from the 
proximal cavity. Left: systolic frame. Right: diastolic frame. 


complained of feeling faint and lost consciousness. 
Her pulse disappeared for over a minute before she 
was resuscitated. In the early stages of the attack 
tachycardia and ischaemic ST segment changes occur- 
red. In the early recovery phase there was some 
atrioventricular dissociation and fusion beats, but no 
bradycardia, cardiac arrest, or ventricular tachycardia 
or fibrillation. Subsequent tracings during recovery 
also showed pronounced ST segment depression. On 
another occasion several episodes of ventricular 
tachycardia occurred of which she was quite unaware 
and which did not produce symptoms. Some 
haemodynamic event had occurred in the left ventri- 
cle to produce the syncopal attack and acute ischaemic 
changes. It is likely that a sudden reduction in ven- 
tricular volume was produced by peripheral vasodila- 
tation which resulted in further reduction in filling of 
the left ventricle, made worse by the tachycardia. 


MECHANISMS OF SUDDEN DEATH (Table 1) 

These are complex and interactive. They relate both 
to arrhythmia and to haemodynamic changes. The 
haemodynamic changes are probably related to acute 
reduction in left ventricular volume and to resistance 
to filling of the left ventricle. The end-systolic volume 
of the left ventricle is smaller than normal and relaxa- 
tion is prolonged. If the ventricle does not fill adequ- 
ately, the volume will be further reduced, which will 
encourage apposition of the massive left ventricular 
wall to the septum. In this way the cavity of the left 


ventricle is eliminated (not obstructed) (Fig. 4). The 
anterior mitral valve apparatus meets the septum and 
this is how gradients are created. The combination of 
resistance to filling of the left ventricle, reduced left 
ventricular volume, and powerful left ventricular con- 
traction together cause a sudden dramatic fall in effec- 
tive left ventricular outflow. This is the **obstruction" 
so frequently discussed (Fig. 4). 

It follows that measures to prevent sudden death 
must include antiarrhythmic drugs in patients shown 
to have arrhythmias by ambulatory electrocardiog- 
raphic monitoring. In our experience beta adrenergic 
blocking agents, verapamil, and the usual antiar- 
rhythmic drugs have not been successful. Propranolol 
has been disappointing, though Frank et al.*! 
reported reduction in the incidence of death with very 
large doses of propranolol. But, in our hands, only 
amiodarone has been successful. 

Systemic hypotension, hypovolaemia, and vasodila- 
tation should be avoided, as should undue tachycardia 
and positive inotropic drugs and manoeuvres. 
Digitalis is usually better not given, the exception 
being the presence of rapid atrial fibrillation in which 
the ventricular rate must be slowed. 


BETA ADRENERGIC BLOCKING AGENTS, 

CALCIUM AGENTS, AND ANTIARRHYTHMIC 
AGENTS 

Treatment should aim at reducing symptoms, pre- 
venting sudden death, and retarding the advance of 
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the disease. These different aspects and the varying 
patterns of the disease in different patients indicate 
that treatment must be adjusted to the individual. It is 
clear that the practice of administering propranolol or 
other beta blocking agents on a routine basis to all 
patients is now obsolete and untenable. 

Before deciding on the best form of treatment the 
patient should have a 48 or 72 hour ambulatory elec- 
trocardiographic study. If this indicates premature 
ventricular extrasystoles or runs of ventricular 
tachycardia then amiodarone should be given in a 
dose of 600 mg daily for one week, and then 400 
daily. If the patient also has symptoms of dyspnoea 
and angina these may respond to amiodarone alone. If 
not, propranolol or another non selective beta block- 
ing agent should be given cautiously in addition, start- 
ing with a small dose of 10 mg four times daily and 
increasing carefully. We do not yet have data on the 
results or risks of combined treatment with 
amiodarone or beta blockade, so caution is necessary. 
But theoretically this combination is attractive as it 
has the twin aims of improving prognosis and reliev- 
ing symptoms. 

If there are no arrhythmias, but symptoms are pre- 
sent, propranolol should be given as the sole drug. If 
beta adrenergic blocking therapy is not successful, 
verapamil may be tried. In some patients it certainly 
improves symptoms, haemodynamics, and exercise 
capacity,$2 6 but other patients do badly, as we have 
noted. Hypotension and lengthening of the PR inter- 
val may occur on intravenous administration.$? $3 
Rosing et al.5* were obliged to discontinue oral ver- 
apamil because of sinus arrest and hypotension in one 
patient after a single dose of 80 mg verapamil, while 
another patient developed second degree intraven- 
tricular block. Two additional patients died; one 
developed severe chest pain after four doses of 80 mg 
of verapamil and the other died during operation for 
septal resection, having previously developed pulmo- 
nary oedema on verapamil at a dose of 130 mg six 
hourly for 13 doses. 

The long term effects of verapamil have also been 
studied.$^ Of 78 patients, 54% obtained sustained 
symptomatic improvement over periods of from six to 
30 months. Haemodynamic and electrophysiological 
changes occurred in 19 patients (2596). Three patients 
died in pulmonary oedema. Rosing et al. remarked 
that verapamil should not be given if there is evidence 
suggesting pulmonary venous hypertension and that 
treatment should not be started if the indirect left 
‘atrial pressure exceeds 22 mmHg. 

Care is obviously necessary in using verapamil and 
it should not be the first line of treatment, but in 
patients who cannot tolerate or do not respond to beta 
adrenergic blocking agents, verapamil may be given 
cautiously, in doses of 20 mg three times daily, 
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increasing gradually if no adverse effects occur, to 
80 mg four times daily. Larger doses are occasionally 
employed, but should be used with caution. The 
objective of verapamil treatment should be improve- 
ment in symptoms, haemodynamics, and exercise 
capacity rather than relief of arrhythmia. We do not 
have experience of the combination of verapamil and 
amiodarone because this would be dangerous. 
Patients should be kept under close observation in 
hospital when starting verapamil. 

Kaltenbach et al.65 claimed that verapamil reduced 
left ventricular mass in hypertrophic cardiomyopathy 
and have suggested that it may be better treatment 
than beta blocking agents. 

It is tempting to hope that propranolol might 
reduce left ventricular hypertrophy by diminishing . 
the force of contraction of the left ventricle. Though 
the work of Vaughan Williams et al. 55 showing reduc- 
tion of rate of growth of the myocardium in small 
animals given propranolol, there is no clinical evi- 
dence to indicate that this happens in man with hyper- 
trophic cardiomyopathy. 

The place of other calcium blocking agents such as 
nifedipine and diltiazem is not known. Nifedipine has 
been shown to improve diastolic function in acute 
haemodynamic observations.5? Care should be taken 
with nifedipine because it can produce considerable 
vasodilatation and hypotension and could thus pre- 
cipitate syncope. 


SURGICAL TREATMENT 

Septal resection is indicated in a small group of 
patients with persistent outflow tract gradients of gre- 
ater than 50 mmHg, severe symptoms which do not 
respond to medical treatment, and pronounced septal 
and papillary muscle hypertrophy. The immediate 
results are gratifying in terms of relief of symptoms 
and improvement in haemodynamics but the mortal- 
ity is high, and there is an incidence of late congestive 
heart failure after the operation. 66 69 Kuhn et al.,7° 
however, claimed a surgical mortality half that which 
occurred in patients treated with propranolol. 

Mitral valve replacement is indicated for severe 
intractable mitral regurgitation which occurs as a 
complication in up to 596 of cases as a result of 
calcification, turbulence, or infection. Resection of 
the mitral papillary muscles which is implicit in the 
operation also removes any systolic left ventricular 
gradients that may be present. 


TREATMENT FOR ATRIAL FIBRILLATION AND 
CONGESTIVE HEART FAILURE 

Immediate cardioversion is required if rapid atrial 
fibrillation develops. Heparin should be given to pre- 
vent embolism. After conversion to sinus rhythm 
amiodarone may.be given as it is likely to maintain the 
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patient in sinus rhythm, or, if not, to stabilise the 
atrial fibrillation. Alternatively, a small dose of 
digitalis may be given along with a small dose of beta 
adrenergic blocking agent. Amiodarone may be given 
in conjunction with digitalis but it tends to increase 
the effects of digitalis on the heart so caution is neces- 
sary. Congestive heart failure implies advanced and 
severe widespread disease that should be treated in 
the usual way with diuretics which must be used with 
great care in patients with persistent outflow tract 
gradients. Vasodilator therapy for heart failure is con- 
traindicated. 

When congestive heart failure develops, gradients 
usually disappear,? but in some patients these may 
remain. Such patients are all too often intractable 
therapeutic problems; the risks of surgical treatment 
are very high and the results poor. 

Much has been learned about hypertrophic car- 
diomyopathy over the past two decades. The impres- 
sions gained initially have been revised in the light of 
new knowledge. Clues as to prognosis are emerging 
and we can expect treatment to become more rational. 
The catecholamine theory of causation of hyper- 
trophic cardiomyopathy, while not proven, has much 
theoretical, circumstantial, and some practical appeal. 


Dilated congestive cardiomyopathy 


This is a syndrome. of dilated ventricles, gallop 
rhythm, and congestive heart failure, with gross 
impairment of systolic function. The disease usually 
involves both ventricles, but a right ventricular vari- 
ety may occur. The cause or causes are not known. 
Possible associated or conditioning factors imclude 
high and prolonged intake of alcohol,?! high blood 
pressure,?? pregnancy or the puerperium, 7374 and a 
disorder of cellular immunity resulting from infec- 
tion.75 76 In 1967 a new infective agent was postulated 
but has not been confirmed.7? 

The pathology yields no clues; the heart 1s dilated 
and overweight, but thickness of the ventricular walls 
is not increased. There are no valvar or- coronary 
artery lesions and histology shows variable degrees of 
fibrosis. Cellular infiltration suggests a diagnosis of 
myocarditis. Electronmicroscopical studies show 
major abnormalities but none to indicate aetiology. 

The diagnosis of dilated congestive cardiomyopathy 
is basically one of exclusion. Heart failure of unknown 
cause without evidence of underlying heart disease or 
disease elsewhere in the body sums up the usual pre- 
sentation. Some patients, however, may be detected 
before overt congestive heart failure occurs. Gallop 
rhythm, cardiomegaly, and impaired left ventricular 
function on echocardiography and nonspecific elec- 
trocardiographic abnormalities may disclose an earlier 
stage of the disease. Though the history is usually 
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short (six months to two years) sometimes patients 
have had cardiomegaly for a number of years, indicat- 
ing a much longer period of development of the dis- 
ease. 

The incidence is largely unknown. Torp?! reported 
94 cases of verified congestive cardiomyopathy in the 
years 1970—77 in Malmo, Sweden, which has a popu- 
lation of 250 000. This study was part of the reseatch 
project on congestive cardiomyopathies of the Inter- 
national Society and Federation of Cardiology.?? 

An association between virus disease and dilated 
congestive cardiomyopathy has been suggested on 
many occasions.75 768° Recently we investigated the 
levels of Coxsackie virus titres in the blood of patients 
with dilated congestive cardiomyopathy compared 
with controls. There was a highly significant increase 
and very high levels of antibody titres in the car- 
diomyopathy patients but not in the controls. This 
difference, however, was confined to those patients 
with a short history.?! 

The explanation of these findings is uncertain. It is 
possible that the association between high Coxsackie 
titres and cardiomyopathy is a chance one; alterna- 
tively, recent infection is a possible, but unlikely, 
explanation since the endomyocardial biopsy in those 
patients in whom it is performed did not show any 
evidence of inflammatory lesion. The most likely 
explanation in my view is that the infection creates an 
autoimmune process which leads to progressive 
myocardial damage. Fowles et al.9? reported a disor- 
der of cellular immunity in patients with dilated con- 
gestive cardiomyopathy, but Trueman et al.®3 did 
not find any difference between controls and patients 
with congestive cardiomyopathy by immunofluores- 
cent techniques, denying the claims of Bolte.®+ An 
association between myocarditis and cardiomyopathy 
has been suggested55 in a description of 10 patients 
with rapid onset of congestive heart failure of 
unknown cause apparently resulting from early con- 
gestive cardiomyopathy. In all patients, however, 
endomyocardial biopsy showed evidence of 
inflammatory myocarditis. Nine were treated with 
prednisone and azothiaprine, and one with pred- : 
nisone alone. Five improved, though one died later, 
and four did not deteriorate. Evidence of improve- 
ment was based on non-invasive studies and on inva- 
sive investigations and biopsy. 

À possible sequence of events is shown in Table 2. 
Acute virus myocarditis results in complete recovery 
in the vast majority of patients but in a small percen- 
tage heart failure may occur acutely, persist, and be 
indistinguishable from cardiomyopathy except by 
endomyocardial biopsy. In other patients there may 
be a latent period after apparently full recovery during 
which the autoimmune process develops and results 
in the established syndrome of cardiomyopathy years 
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Table 2 Viral myocarditis and cardiomyopathy 


Acute viral myocarditis 


" Heart failure: Recovery 
Complete recovery resembles dilated l 
congestive cardiomyopathy 


Latent period 
| 


Dilated congestive 
cardiomyopathy 


later. Alternatively, some patients may have a geneti- 
cally determined deficiency in cellular immunity 
which renders them liable to virus attack on the heart. 
Further work is needed to confirm or refute these 
hypotheses®® which are attractive because they open 
the mind to the possibilities of treatment. 


TREATMENT OF DILATED CONGESTIVE 
CARDIOMYOPATHY 
Treatment is unsatisfactory and will remain so until 
the causes of the diseases are identified. At the present 
time general measures such as avoidance of smoking 
and alcohol and reduction of effort are basic. Experi- 
ence without proof indicates that the suggestion of 
Burch et al.87 of prolonged bedrest has some merit. 
The usual measures for congestive cardiac failure 
are required. Digitalis is needed if atrial fibrillation is 
present and may be prescribed in sinus rhythm, but it 
is uncertain whether there is any benefit after the first 
few months of treatment.558? Some improvement 
may be obtained by the use of vasodilators and inot- 
ropic agents. We have found hydralazine to be effec- 
tive but large doses are needed and side effects are not 
rare.?? Isosorbide or prazosin can be used as an alter- 
native to hydralazine. Salbutamol?! is of value by 
intravenous infusion in critical severe heart failure, 
mainly because of peripheral vasodilatation and 
unloading of the left ventricle but also because of 
some positive inotropic effects. The tachycardia so 
produced is a disadvantage, and tachyphylaxis is 
common. Increase in blood sugar and fall in serum 
potassium are also disadvantages. Positive inotropic 
agents such as dobutamine may be used. In extreme 
situations a combination of nitroprusside with 
dobutamine may produce improvement, but all too 
commonly this is only transient. Other vasodilators 
and new inotropic agents are under investigation. 
Anticoagulants are indicated if the patient is 
confined to bed with oedema or if there is atrial fibril- 
lation. 


Beta adrenergic blockade 
This controversial treatment has been suggested by 
workers in Gothenburg in Sweden.°?-9* They claimed 
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clinical and haemodynamic improvement after graded 
doses of metoprolol. It has been suggested that 
patients with disproportionate tachycardia who may 
thus have an excess of catecholamines in the heart 
may be those most suitable for treatment, but a study 
from our department?5 did not show any increase in 
plasma noradrenaline or in sympathetic function 
before overt heart failure had occurred, though para- 
sympathetic function was impaired. Certainly slowing 
of the heart and reduction in oxygen demand might be 
of value. By contrast with the results of the Swedish 
invesugators, Ikram and Fitzpatrick®* found no be- 
nefit from beta adrenergic blockade treatment, but 
many of their patients (7196) had possible alcoholic 
cardiomyopathy and were less severe symptomatically 
than the cases of Swedberg et a1.?^ In addition, they 
used a different agent, and the duration of treatment 
was shorter. The matter is still undecided and further 
trials are necessary. 

The results of the studies by Mason et al.85 suggest 
that when the duration of heart failure is short (a year 
or less) and the endomyocardial biopsy shows evi- 
dence of inflammatory action, steroids and 
immunosuppressive drugs may be of benefit. Steroids 
have not been shown to influence the course of typical 
congestive cardiomyopathy?’ and when given in acute 
myocarditis may exacerbate the condition. 

Previous work has.suggested that patients with 
appreciable ventricular hypertrophy tend to live 
longer than those with less; that possibly the agent or 
agents that affect the myocardium have interfered 
with contractile function by preventing the binding of 
calcium by troponin. The result of impairment of con- 
tractile function could be ventricular dilatation, 
increased wall tension, and failure of the DNA/RNA 
interaction that is needed for hypertrophy. !? !! 

Swedburg et al. have suggested that prognosis is 
improved by beta adrenergic blockade therapy but no 
definite prognostic improvement has been reported 
from other methods of treatment though our studies 
have shown that there was a slight benefit in patients 
treated in the past two to five years, perhaps as a result 
of earlier diagnosis and  vasodilator treatment 
(MacArthur et al., to be published). 


Restrictive/obliterative cardiomyopathy 


Restrictive/obliterative cardiomyopathy is usually 
caused by endomyocardial fibrosis, either of the 
tropical variety with little or no eosinophilia or of the 
temperate zone type with intense eosinophilia, as 
described by Loeffler in 1936.!5 These two conditions 
have been regarded as one and the same by Olsen and 
Spry?? and have been named Loeffler’s endomyocar- 
dial disease by the WHO/ISFC task force.$ Neverthe- 
less, though the pathological features are identical and 
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the clinical and haemodynamic abnormalities closely 
similar, differences do exist between the two condi- 
tions. There is the absence of significant eosinophilia 
in the tropical type of endomyocardial fibrosis, the 
climatic differences, and the incidence of tropical 
endomyocardial fibrosis in the rainy season. There is 
no climatic incidence or seasonal variation in 
Loeffler’s endomyocardial fibrosis of temperate cli- 
mate as far as is known. 

It has been suggested*6 that the endocardium reacts 
in the same way to different irritants, producing the 
exudative reaction leading to fibrosis and thrombosis, 
with changes in the small intramyocardial vessels that 
is characteristic of endomyocardial fibrosis. Scarring of 
the myocardium results and in the late stages fibrous 
tissue and thrombus progressively obliterate the ven- 
tricular cacity and increase the resistance to inflow. 

A possible irritant that has been extensively studied 
is the eosinophil. Clones of circulating eosinophils in 
Loeffler’s endomyocardial disease have structural 
abnormalities. They are vacuolated and degranulated. 
The granules are abnormal and may release products 
which damage the endocardium.?? There is abnormal 
binding of IgG coated erythrocytes. A third of the 
abnormal eosinophils ingest red blood cells that are 
coated with complement as compared with less than 
196 in normal subjects. Also eosinophil kinetics are 
abnormal and their half life is twice normal. Pro- 
longed retention of eosinophils in the circulation may be 
an important factor in endomyocardial damage.?8 99 

It may be that the rogue eosinophil is also the cause 
of tropical endomyocardial fibrosis and studies spon- 
sored by the ISFC are in progress to investigate this. 


TREATMENT OF ENDOMYOCARDIAL FIBROSIS 
Treatment is unsatisfactory. Attempts to control pro- 
fuse eosinophilia by means of steroid and 
immunosuppressive therapy and by antimetabolic 
drugs have not been strikingly successful,!9? except in 
acute exacerbations of the disease. Treatment for 
heart failure is only partly successful because systolic 
function remains good until a fairly late stage, while 
severe mitral and tricuspid regurgitation may domi- 
nate the picture. Improvement has been achieved by 
surgical means, consisting of. resection of the 
endomyocardial fibrous tissue and thrombus, and 
replacement, when needed, of the atrioventricular 
valves, 1091-103 Early results are satisfactory but the 
long term prognosis is uncertain. Three patients have 
been treated surgically at the Royal Postgraduate 
Medical School and have dorie well initially.194 


AMYLOID HEART DISEASE 
Although rare, amyloid heart disease is an intriguing 
entity. Because of its distribution around the small 
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blood vessels in the myocardium it produces a stiff 
unyielding muscle mass; the “‘stiff heart".105 

The rigid myocardium causes abnormalities of 
filling, some of which resemble constrictive pericar- 
ditis and restrictive cardiomyopathy. Differences do 
exist, however, especially in the pattern of ventricular 
filling. Filling is slow throughout diastole in contrast 
to endomyocardial fibrosis in which ventricular filling 
is initially rapid and then becomes slow. This differ- 
ence explains the absence of a left ventricular third 
heart sound in amyloid heart disease.!95 

Nevertheless, clinical similarities to constrictive 
pericarditis or restrictive cardiomyopathy do exist, 
especially in the pattern of the jugular venous pulse, 
and amyloid disease should be considered in the diffe- 
rential diagnosis especially if there is cardiac pain. 

I have presented some hard data, much personal 
experience and conviction, and a deal of speculation. I 
make no apology for the last for it is the business of 
clinical research workers to ask questions as well as to 
answer them. 

I speculate that hypertrophic cardiomyopathy is an 
endocrine disorder; that congestive cardiomyopathy is 
a disease of cellular immunity set up by a previous 
virus infection; that restrictive/obliterative car- 
diomyopathy is a disorder of immunity of the 
eosinophil. 

There are many problems to be resolved and the 
prospects may seem daunting, yet they are, in fact, 
exciting and challenging and I am sure we will have 
the answers by the end of the century, though we shall 
require the collaboration of experts in many fields: 
immunologists, cell biologists, endocrinologists, 
biochemists, geneticists, and others. 

No longer are the zardiomyopathies the province of 
the cardiologist alone for their frontiers extend deep 
into the realms of general internal medicine, pathol- 
ogy, and immunology. 


I am grateful to all colleagues who have helped me in 
this work, in particular Dr W McKenna, Dr R AI- 
vares, Professor R E Steiner, Dr Maurice Raphael, 
and Dr Derek Gibson. 
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Haemodynamic effects of nifedipine and propranolol in 
patients with hypertrophic obstructive cardiomyopathy 


KNUD LANDMARK, SVEIN SIRE, ERIK THAULOW, JAN P AMLIE, SIGURD 
NITTER-HAUGE 


From Medical Department B, Rikshospitalet, University Clinic, Oslo, Norway 


SUMMARY The haemodynamic effects of nifedipine, propranolol, and the combined administration 
of the two drugs were studied in 12 patients with hypertrophic obstructive cardiomyopathy. The 
combined administration of nifedipine and propranolol appeared to be superior to that of nifedipine 
alone. The spontaneous heart rate was reduced in most cases after nifedipine plus propranolol, and 
at atrial pacing the following results were obtained: left ventricular peak systolic pressure was 
reduced from 200+ 39 to 157+30 mmHg; a positive correlation was found between the pre-drug left 
ventricular end-diastolic pressure and the magnitude of reduction in left ventricular end-diastolic 
pressure; systolic blood pressure was reduced from 125+31 to 111427 mmHg, and total peripheral 
resistance was reduced from 1403+307 to 1160+209 dyne s^! cm^5. The combined administration 
reduced the resting left ventricular outflow gradient from 76-- 19 to 45-26 mmHg, while cardiac 
index was left unchanged. The effects on mean pulmonary arteriolar resistance and mean pulmonary 
arteriolar and mean pulmonary capillary venous pressure were in most cases slight and insignificant. 
The results indicate an improved haemodynamic condition in patients with hypertrophic obstructive 
cardiomyopathy after the combined administration of nifedipine and propranolol: a treatment that 
might provide a new and useful alternative to already existing medication. 


Drugs depresssing myocardial contractility should blockers are able to prevent the development of heart 
diminish the degree of left ventricular outflow ob- lesions in hamsters with hereditary cardio- 
struction in patients with hypertrophic obstructive — myopathy.!? Recently, it has been reported that 
cardiomyopathy,! and medical treatment of this dis- the calcium antagonistic drug verapamil reduces the 
order with beta adrenergic receptor blockers has been resting left ventricular outflow gradient, increases the 
in use for many years. While propranolol reduces left heart rate and cardiac output, and lowers systolic 
ventricular outflow (LV-Ao) gradient at rest, on exer- blood pressure in patients with hypertrophic obstruc- 
cise, and during isoprenaline infusion,? and improves tive cardiomyopathy.!* With long term treatment by 
exercise performance,? and relieves the symptoms of this drug exercise tolerance increased, and heart size, 
angina pectoris,^"$ the drug neither reduces the inci- QRS complex amplitude, left ventricular outflow gra- 
dence of asymptomatic ventricular arrhythmias nor dient, free wall thickness, and left ventricular diam- 
the risk of sudden death." ^? Calcium antagonists eter were reduced.!$ !? The conclusion drawn from 
such as verapamil and nifedipine depress contractile one of these studies was that verapamil is superior to 
force by inhibiting transmembrane calcium influx beta blockers in hypertrophic obstructive car- 
during excitation.!°"!2 Hereditary hamster car-  diomyopathy.!$5 
diomyopathy is thought to be the result of a mem- By reducing the entry of calcium ions into smooth 
brane disease, and abnormal calcium flux probably muscle cells, calcium antagonists reduce blood pres- 
plays a prominent role in its pathogenesis.!? The poss- sure and total peripheral resistance, thereby inducing 
ible relation between this cardiomyopathy and hyper- a reflex sympathetic stimulation of the heart.!9-20 
trophic obstructive cardiomyopathy has been dis- This effect, which is presumed to be present even 
cussed.!4 It has been shown that calcium antagonistic during chronic administration of nifedipine,?! 22 will 
drugs, and, to a lesser extent, beta adrenergic receptor probably, to a certain extent, counteract the negative 
inotropic action of the drugs.?? A more rational way to 
Accepted for publication 23 February 1982 treat patients with hypertrophic obstructive car- 
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diomyopathy would be to combine a calcium antagon- 
ist with a beta adrenergic receptor blocker. Verapamil 
increases atrioventricular nodal conduction time and 
refractoriness,?^ and a pronounced and dose related 
increase in PR interval after this drug has been found 
in patients with hypertrophic obstructive car- 
diomyopathy.!5 In addition, sinus arrest and sinus 
bradycardia associated with oral verapamil treatment 
have been described in 296 and 1196 of these patients, 
respectively.*5 Because of the tendency to produce 
atrioventricular block, the combined administration 
of verapamil and a beta blocker is not 
recommended.?* 27 On the other hand, nifedipine 
alone? ?? or in combination with a beta adrenergic 
receptor blocker has no detrimental effect on 
atrioventricular nodal function.!? 3° This paper 
describes the acute haemodynamic changes in patients 
with hypertrophic obstructive cardiomyopathy 
induced by nifedipine, propranolol, and the combina- 
tion of nifedipine and propranolol. 


Patients and haemodynamic measurements 


Twelve patients, six men and six women, aged 26 to 
67 years (mean 45 years) participated in the study. 
Before catheterisation a tentative diagnosis of hyper- 
trophic obstructive cardiomyopathy was made on the 
basis of symptoms, physical examination, and elec- 
trocardiographic and  echocardiographic abnor- 
malities. The patients were all in normal sinus 
rhythm. Informed consent was obtained from all. All 
cardiac medication was discontinued at least three 
days before catheterisation. 

The investigation was carried out with the patients 
supine and fasted. They were premedicated with 0-1 g 
aprobarbitone. Right heart catheterisation was per- 
formed with a Swan-Ganz thermodilution catheter 
advanced to the pulmonary artery, and a pacemaker 
electrode was placed in the right atrium. Cardiac out- 
put was measured at least in duplicate by thermo- 
dilution. Mean pulmonary arteriolar (PA) and mean 
pulmonary capillary venous pressure (PCV) were 
obtained by electrical integration recorded on a Min- 
gograph 82 (Elema-Schénander, Stockholm, Swe- 
den). Left ventricular peak systolic pressure (LVPSP) 
and left ventricular end-diastolic pressure (LVEDP) 
were obtained through an end-hole catheter (mul- 
tipurpose side-holes, F. 8, Ducor) placed in the apex 
of the left ventricle by the retrograde femoral tech- 
nique. The left ventricular-aortic pressure (LV-Ao) 
gradient was measured by slowly withdrawing the 
catheter from the apex of the ventricle to the aortic 
root. Particular care was taken in order to avoid its 
entrapment. Changes in heart rate induced by exer- 
cise, isoprenaline infusion, and atrial pacing may 
change the left ventricular outflow gradient and left 
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ventricular end-diastolic pressure in patients with 
hypertrophic obstructive cardiomyopathy? 7! and, in 
order to eliminate rate dependent haemodynamic 
changes, all recordings were performed at an atrial 
pacing rate about 20 beats above the heart rate in the 
control period. The patients were then randomised 
into two groups. 

Patients in group 1 were first given nifedipine 20 
mg to chew in the mouth and the recordings were 
repeated 30 minutes later. Propranolol, 5 mg 
intravenously over five minutes, was then given, and 
the measurements were repeated 10 minutes after the 
end of the injection. 

Patients in group 2 were given the propranolol first, 
5 mg intravenously with measurements 10 minutes 
later, and then the 20 mg of nifedipine to chew with 
repeat measurements 30 minutes later. 


CALCULATIONS AND STATISTICAL ANALYSIS 

Pulmonary arteriolar resistance 

(PAR) - FAZPCV PCV 80 dynes ' cm ^5 
CO 

Mean aortic 

pressure (Ao) —— — — 3 


————————————— M 


Total peripheral Ao 


resistance (TPR)= CO 99 dynes”! cm ? 


— — CO (l/min) 
Cardiac index (CI)= Total body surface (m?) 
The results are expressed as mean £ SD. Student's t 
test for paired comparison was used when observa- 
tions before were compared with those after the 
drugs. Differences were regarded as significant when 
pz0-05. 
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Results 


The spontaneous heart rate for the whole group of 
patients in the control period was 76:14 beats/ 
minutes (Table 1). Neither nifedipine, propranolol, 
nor the combined administration of the two drugs 
significantly changed mean heart rate (Table 1). 
While nifedipine alone, however, tended to increase 
heart rate, propranolol and the combined administra- 
tion tended to decrease it (Table 1). 

With atrial pacing, nifedipine and propranolol low- 
ered left ventricular peak systolic pressure in most 
cases, and the combined administration of the two 
drugs significantly reduced left ventricular peak sys- 
tolic pressure for the whole group of patients from 
200+ 39 to 15730 mmHg (p« 0-001) (Table I, Fig. 
1). 

Eight out of 12 patients had a left ventricular end- 
diastolic pressure in the control period above the 
normal limit (>12 mmHg). Neither the separate 
administration of nifedipine, propranolol, nor the 


Nifedipine and propranolol in hypertrophic cardiomyopathy 


21 


Tablel Haemodynamic measurements in control period ( C), after nifedipine (N), propranolol (P), and the combined administration 


of nifedipine and propranolol (N+P, P +N) 





Heart rate (beats/min) 66 


t N+P 
(6 patients) 
73 NS 81 * 
i (18) (16) (6) 
LVPSP (mmHg) 197 ** 180 NS 153 
(55) (61) (37) 
LVEDP (mmHg) 17 NS 17 NS 12 
(10) (6) (3) 
SBP (mmHg) 127 NS 123 NS 112 
(40) (48) (32) 
TPR (dyne s-! cm-5) 1413 ** 1050 ** 1138 
310 (217) (252) 
LV-Ao gradient (mmHg) 70 NS 54 N 38 
(35) (23) 


C2 P P4N C1t+€2 N+P 
(6 patients) (12 patents) 
79 NS 70 NS 70 76 NS 68 
(9) (13) (10) (14) (8) 
203 NS 179 NS 161 200  *** 157 
(19) (44) (39) (30) 
17 NS 17 17 NS 15 
(4) (3) (2) (7) > (4) 
123 NS 122 * 108 125 * lil 
(21) (19) (23) (31) (27) 
1393 NS 1598 ** 1182 1403 ** 1160 
(333) (276) (179) (307) (209) 
81 57 52 76 * 45 
(22) (30) (30) (19) (26) 


Asterisks indicate those values that are significantly different (*p<0-05; **p<0-01; ***p<0-001); NS, not significant. SD in parentheses. 
LVPSP, left ventricular peak systolic pressure; LVEDP, left ventricular end-diastolic pressure; SBP, systolic blood pressure; TPR, total 


peripheral resistance; LV-Ao, left ventricular outflow. 
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Fig. 1 Effect of nifedipine (N) and propranolol (P) on left 
ventricular peak systolic pressure (LV PSP). NS, not significant. 


combined administration of the two drugs 
significantly changed it (Table 1, Fig. 2); after the 
combined administration of nifedipine and pro- 
pranolol, however, the fall in left ventricular end- 
diastolic pressure (A LVEDP) was significantly corre- 
lated to the pre-drug values (Fig. 3). In the group of 
six patients initially given nifedipine, the only patient 
with a very high left ventricular end-diastolic pressure 
had the filling pressure definitely reduced; in the 
remaining five patients in whom it was normal or 
slightly raised, the values were essentially unchanged 
after the drug was given (Fig. 3). 

Systolic blood pressure did not change after the 
initial administration of nifedipine (Table 1, Fig. 4). 
Intravenous injection of propranolol to patients not 
pretreated with nifedipine did not reduce systolic 
blood pressure (Table 1). The combined administra- 
tion of the two drugs, however, significantly reduced 
systolic blood pressure for the whole group (p<0-05) 
(Table 1, Fig. 4). Nifedipine reduced total peripheral 
resistance in all patients, propranolol increased it in 
most patients; the combined administration, on the 
other hand, reduced it in all but one, and to a 
significant degree (p<0-01) (Table 1, Fig. 5). 

The pretreatment resting left ventricular outflow 
gradient was 76+19 mmHg (range 50 to 114 mmHg) 
(Table 1). While the separate administration of 
nifedipine or propranolol reduced the gradient in the 
majority of patients, the reducing effect of the com- 
bined administration was much more significant 
(Table 1, Fig. 6). In one patient, the gradient 
increased after the initial administration of nifedipine 
(from 96 to 120 mmHg), with a simultaneous reduc- 
tion in systolic blood pressure from 144 to 120 


‘mmHg; after the combined administration, on the 


other hand, the gradient fell to 80 mmHg (Fig. 6). 
. Whereas nifedipine significantly increased cardiac 
index, propranolol reduced it 1n most cases; the com- 
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Fig. 2 Effect of nifedipine (N) and propranolol (P) on left 
ventricular end-diastolic pressure (LVEDP). NS, not 
significant. 
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Fig.3 Relation between control left ventricular end-diastolic 
pressure (LVEDP) and change in LVEDP (^. LVEDP) after 
nifedipine (open circles, interrupted line), and the combined 
treatment with nifedipine and propranolol (closed circles, solid 


line). 


bined administration caused a slight and statistically 
insignificant increase (Table 2, Fig. 7). The individual 
increases or decreases in cardiac index induced by the 
separate or combined administration of the drugs 
were, with few exceptions, associated with a fall or an 
increase in total peripheral resistance, respectively 
(Fig. 8). 

Mean pulmonary arteriolar pressure was slightly 
but significantly increased by the combined admin- 
istration of nifedipine and propranolol (Table 2). 
Neither nifedipine, propranolol, nor the combined 
administration of the two drugs significantly changed 
mean pulmonary arteriolar resistance and mean pul- 
monary capillary venous pressure (Table 2). 
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Fig.4 Effect of nifedipine (N) and propranolol (P) on systolic 
blood pressure (SBP). Symbols as in Fig. 2. 


The PR interval on the surface electrocardiogram 
was neither changed by nifedipine, propranolol, nor 
by the combined administration of the two drugs. 


Discussion 


The increase in heart rate induced by nifedipine in 
most of our patients is caused by a baroreceptor medi- 
ated activation of the sympathetic tone,*° ** an effect 
that could be completely blocked by intravenous 
administration of propranolol. 

The fall in left ventricular peak systolic pressure 
after nifedipine is in accordance with previous 
reports.?? ?? 34 This fall was more pronounced when 
the drug was combined with propranolol. The hyper- 
contractile state in hypertrophic obstructive car- 
diomyopathy has been related to myocardial calcium 
overload,’ !5 !* resulting from an abnormality of the 
cell membrane* and/or an increased and abnormal 
sensitivity to catecholamines,'5 which in that way 
augments calcium influx.?* ** 

The majority of the patients had raised left ven- 
tricular end-diastolic pressures, consistent with earlier 
reports on patients with hypertrophic obstructive car- 
diomyopathy.?! Prolonged left ventricular isovolumic 
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Fig. 5 Effect of nifedipine (N) and propranolol (P) on total 
peripheral resistance (TPR). Symbols as in Fig. 1. 


relaxation time, together with an impaired diastolic 
filling, have also been shown in patients with this 
malady.?? 4? Tt has been suggested that the raised left 
ventricular end-diastolic pressure not only reflects the 
severity of the disease, but is the main determinant of 
symptoms and prognosis.^! While isoprenaline lowers 
left ventricular end-diastolic pressure in normal indi- 
viduals as well as in patients with heart disease other 
than hypertrophic obstructive cardiomyopathy,*? it 
has been shown that left ventricular end-diastolic 
pressure increases after isoprenaline in most patients 
with that disease.?! In addition, the administration of 
isoprenaline to patients with hypertrophic obstructive 
cardiomyopathy always increases the obstruction to 
left ventricular outflow and muscular exercise often 
increases it.! ? Our results indicate that nifedipine 
alone, and in particular the combined administration 
of nifedipine and propranolol, may improve left ven- 
triculaf filling and compliance'in those patients"with 
increased left ventricular end-diastolic pressure. 

Recently it has been reported that left ventricular 
isovolumic relaxation time in hypertrophic obstruc- 
tive cardiomyopathy was favourably shortened by the 
administration of nifedipine, 10 to 20 mg sublingu- 
ally.43 Though left-sided filling pressure rose after 
verapamil in a number of patients with hypertrophic 
obstructive cardiomyopathy, this phenomenon occur- 
red mainly in patients who had normal pressures in 
the control period.!5 
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Fig.6 Effect of nifedipine (N) and propranolol (P) on resting 
left ventricular outflow (LV-Ao) gradient. Symbols as in Fig. 1 
and 2. 


The effects of nifedipine and the combined 
administration of nifedipine and propranolol on sys- 
tolic blood pressure and total peripheral resistance are 
in accordance with previous observations.?9 32 44 

The effects of nifedipine and propranolol and the 
combination of the two drugs on mean pulmonary 
arteriolar resistance and mean pulmonary arteriolar 
and mean pulmonary capillary venous pressure were 
in most cases slight and insignificant. 

Whereas the separate administration of nifedipine 
and propranolol reduced left ventricular outflow gra- 
dient in most patients, the combined administration 
of the two drugs caused a more pronounced and gen- 
eral reduction in the gradient in all patients. Any 
changes 1n the gradient result from alterations in left 
ventricular peak systolic pressure and systolic blood 
pressure. It has been suggested that reduction in sys- 
tolic blood pressure and total peripheral resistance 
may increase the left ventricular outflow gradient in 
patients with hypertrophic obstructive  car- 
diomyopathy,55 and in one patient this was found 
after nifedipine. The combined administration, how- 
ever, reduced the gradient slightly in comparison with 
the control value. 

The nifedipine-induced increase in cardiac index 
during atrial pacing found in our study is consistent 
with a previous report.?? Even in combination with 
propranolol, which by itself reduces cardiac index? 
eight out of 12 patients were able to increase their 
cardiac index in relation to the control values. As 
heart rate was kept constant by atrial pacing, it is 
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Table 2 Haemodynamic measurements in control period (C), after nifedipine (N), propranolol (P), and combined administration of 


nifedipine and propranolol (N+P, P +N) 








Ci N N+P C2 P P+N Ci+C2 N+P 

(6 patients) (6 patients) (12 patients) 
CI (l/min per m?) 3-0 ** $$ ** 3.3 31 NS 28 ** 3-2 30 NS 3-2 
as (0-5) (0-5) (0-5) (0-3) (0-7) (0-5) (0-3) (0-3) 
PA (mmHg) 19 NS 21 NS 21 15 NS l6 * 19 17 * 20 
Ses (7) (9) (10) (6) (6) (6) (7) (8) 
PCV (mmHg) 12 NS 15 NS 14 10 NS 11 NS 12 11 NS 3 

(6) (8) (8) (5) (4) (5) (6) (7) 

PAR (dyne s~' cm~‘) 102 NS 80 NS 102 82 NS 102 NS 87 92 NS 95 

(64) (29) (53) (30) (42) (30) (49) (42) 





Asterisks indicate those values that are significantly different (*p<0-05; **p- 0-01); NS, not si 
PA, mean pulmonary arteriolar pressure; PCV, mean pulmonary capillary venous pressure; 
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Fig.7 Effect of nifedipine (N) and propranolol (P) on cardiac 
index. Symbols as in Fig. 1. 


probable that the increase in cardiac index observed in 
all patients after nifedipine and in most patients after 
the combined administration of both drugs was 
mainly the result of a reduction in total peripheral 
resistance (afterload). Even in the patient where the 
left ventricular outflow gradient increased after 
nifedipine, a rise of cardiac index from 3-0 to 3-6 l/min 
per m? was found. 

The lowering of left ventricular peak systolic pres- 
sure, systolic blood pressure, and left ventricular 
outflow gradient in the presence of a maintained car- 
diac index will reduce myocardial oxygen needs and 
have a favourable effect on the balance between 
myocardial oxygen supply and demand and also pre- 
vent the vicious cycle of obstruction hypertrophy.? In 
this acute haemodynamic study, the combined 


ificant. SD in parentheses. CI, cardiac index; 
AR, pulmonary arteriolar resistance. 
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Fig. 8 Relation between the changes in total penpheral 
resistance (^. TPR) and cardiac index (A CI) after nifedipine 
(open circles), propranolol (open triangles), and the combined 
administration of nifedipine and propranolol (closed circles). 


administration of nifedipine and  propranolol 
appeared to be superior to the separate administration 
of nifedipine, and the increased sympathetic tone sec- 
ondary to nifedipine seemed to be well counteracted 
by beta adrenergic receptor blockade. The combined 
effects on left ventricular peak systolic pressure, sys- 
tolic blood pressure, and left ventricular outflow gra- 
dients were more pronounced, cardiac index was in 
most patients maintained at higher levels than in the 
control period, total peripheral resistance was 
reduced, and left ventricular end-diastolic pressure 
was decreased in those patients having high control 
values. Since an extension of the study would be time 
consuming and also troublesome to the patients, drug- 
induced haemodynamic changes were not measured at 
a spontaneous heart rate. The negative chronotropic 


Nifedipine and propranolol in hypertrophic cardiomyopathy 


action of the combined administration of nifedipine 
and propranolol will have a favourable effect on 
myocardial oxygen consumption.*® No side effects 
were observed, and no disturbance in atrioventricular 
nodal function was noted. 

Our results indicate that the combined administra- 
tion of nifedipine and propranolol in hypertrophic 
obstructive cardiomyopathy provides a new alterna- 
tive to already existing treatment. 
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Effects of lignocaine on bidirectional tachycardia and 
on digitalis-induced atrial tachycardia with block 


AGUSTIN CASTELLANOS, JULIO FERREIRO, KYRIACOS PEFKAROS, 
JOHN J ROZANSKI, FEDERICO MOLEIRO, ROBERT J MYERBURG 


ds the Division of Cardiology, Department of Medicine, University of Miami School of Medicine, Miami, Florida, 


SUMMARY Most recent studies discussing tachycardias with alternating QRS polarity have referred 
to those known as torsade de pointes. This report, in contrast, deals with bidirectional tachycardia and 
the effects of lignocaine on 10 patients with this arrhythmia. Three of the patients also had digitalis- 
induced atrial tachycardia with block. In one patient, a single bolus of lignocaine was followed (five 
minutes later) by ventricular fibrillation, but the other nine patients received two boluses of 75 mg 
followed by a drip infusion of 3 mg/min. The drug terminated the episodes of atrial tachycardia with 
block and bidirectional tachycardia in all patients thus treated. Whereas the abolition of the bidirec- 
tional tachycardia was permanent in the seven patients with digitalis intoxication, it recurred after 
stopping the drip infusion in the two patients without digitalis toxicity. It is concluded that lig- 
nocaine can be useful in the treatment of digitalis-induced bidirectional tachycardia and atrial 
tachycardia with block. From this study no conclusions can be drawn, however, as to whether 
lignocaine is superior to other class I or class IV agents. 


Few papers published during the last 15 years have tion); and (d) "incomplete", or *complete?, right 

discussed the treatment of bidirectional tachy- bundle-branch block pattern in lead V1. 

cardia.!77 Since most articles appeared before the use There were 10 patients with bidirectional tachycar- 
of lignocaine became widespread, it seemed of interest dia but the effects of properly administered intraven- 

to present our experience with this drug in patients ous lignocaine were studied in only nine since in 

- with bidirectional tachycardia, placing additional case 1 ventricular fibrillation appeared about five 

emphasis on the effects of lignocaine on digitalis- minutes after administration of a single bolus of 


induced atrial tachycardia with block. 75 mg (Fig. 2). In these nine patients an initial 75 mg 
bolus was followed three minutes later by a second 
Subjecis and methods 75 mg bolus, at which time a drip infusion (of 3 mg/ 


min) was started. The infusion was maintained for a 
For the purpose of this paper, bidirectional tachycar- seven hour period during which time the patients 
dia was considered as an electrocardiographic pattern were continuously monitored in an intensive care unit 
resulting from the existence (or coexistence) of one or by trained personnel. 7 
more ectopic (atrioventricular junctional or ventricu- In the Table, however, data from the 10 patients 
lar) rhythms with the following characteristics (six men and four women) are presented. The ages of 
(Fig. 1)!-7: (a) prolonged intraventricular conduction the patients ranged between 43 and 77 years. Four 
time; (b) QRS morphology different from that (previ- patients with atherosclerotic heart disease and one 
. ously or subsequently) produced by supraventricular patient with hypertrophic cardiomyopathy had mod- 
impulses; (c) standard leads showing alternation in erate to severe congestive heart failure. Three patients 
polarity caused by beat-to-beat variations in AQRS had chronic lung disease with acute respiratory fail- 
(from abnormal left axis deviation to right axis devia- ure. Two patients had mitral valve prolapse and palpi- - 
tation caused by documented paroxysmal tachyar- 
rhythmias. 
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Table Data on patients with bidirectional tachycardia (BT) 


Castellanos, Ferreiro, Pefkaros, Rozanski, Moleiro, Myerburg 


—— —— — — EM MM — 


Case Age Aetiology — Clinical Serum Presumed 
No. (y) digitalis digoxin dosage of 
toxicity (nmolii}* digoxin 
1 69 AHD ? 8-3 ? 
2 77 AHD Yes 5-8 0-25 
3 71 AHD Yes 3.8 0-25 (?) 
4 68 AHD Yes 42 0-75 
5 63 CLD No 44 0.75 
6 67 CLD No 2:0 0-75 
7 61 CLD No 3.1 1-2 
8 49 C No 9-0 0.5 
9 43 MVP No NM ? 
10 47 MVP No NM ? 


Recurrence Effects of Effects of Potassium 
of BT 30 min lignocaine lignocaine (mmol/l) 
after lignocaine (2 boluses) (drip) 
— T. — > 
No A of BT A of PAT 3-9 
No TA of BT A of BT and 4-2 
PAT 
No TA of BT A ne BT and 43 
AT 
No None A of BT 2-9 
No TA of BT A of BT 2:8 
No None A of BT 3.] 
No TA of BT A of BT 3-9 
Yes None A of BT 4.2 
Yes None A of BT 44 


MENU — — — — — ——— ——— —— 
AMD, atherosclerotic heart disease; CLD, chronic lung disease; C, cardiomyopathy; MVP, mitral valve prolapse; A, abolition; TA, transient 
abolition; BT, bidirectional tachycardia; PAT, paroxysmal atrial tachycardia with AV block; NM, serum digoxin not measured. 


*] ng digoxin- 1-28 nmol. 
TReceived only one bolus (see text). 


were performed (after explaining the procedure and 
obtaining informed consent) within the first 60 
minutes after the start of the drip infusion. The tech- 
niques used in our department to perform these 
studies have been described previously.?? Plasma 
concentration of lignocaine was obtained in two 
patients. 


Results 


Before lignocaine administration the ventricular rates 
of bidirectional tachycardia ranged between 140 and 
188/min. All 10 patients had alternation between QRS 
complexes displaying different right bundle-branch 
block morphologies in lead V1. No patient had a left 
bundle-branch block morphology in V1. The coexis- 
tence of the following independent rhythms could be 
documented while bidirectional tachycardia was pres- 
ent: sinus rhythm (three patients), paroxysmal atrial 
tachycardia with block (one patient), and atrial fibril- 
lation (one patient). 

Clinical symptoms compatible with digoxin toxicity 
(nausea and vomiting) were present in three of eight 
patients without mitral valve prolapse. Plasma 
digoxin levels were raised 3-8 to 8-9 nmol/l (3 to 7 
ng/ml) in six of these eight patients. Digoxin levels 
were not high in two patients with chronic lung dis- 
ease (2-0 to 3-1 nmol/l, respectively). The appropriate 
clinical setting and the low serum potassium levels, 
however (2:5 and 3-1 mmol/l, respectively), strongly 
suggested digoxin toxicity. 

Plasma lignocaine levels obtained in two pauents 
were as follows: 4 and 4-5 mg/l at the point at which 
the drip infusions were started; 2.5 and 3 mg/l 30 
minutes afterwards; and 2-2 and 2-5 mg/l 90 minutes 
afterwards. 

His bundle recordings performed (in three cases) 
while the bidirectional tachycardia was occurring 


intermittently disclosed that in sinus beats there was a 
properly timed H deflection in front of the corres- 
ponding ventricular complexes. The ventricular 
origin of bidirectional tachycardia was corroborated in 
two of these patients because the wide QRS com- 
plexes were not preceded by H deflections. The 
remaining patient with normal HV intervals in sinus 
beats (50 ms), however, had short HV intervals during 
bidirectional tachycardia. Fig. 3 (left panel) depicts a 
short HV interval of 30 ms in the beat having a left 
posterior hemiblock/"incomplete" right bundle- 
branch block pattern and an HV interval of 0 ms in 
the beats with a left anterior hemiblock/"incomplete" 
right bundle-branch block morphology. This sug- 
gested that impulse formation occurred below the His 
bundle, presumably in two left “fascicular” sites. 
Conceptually, “fascicular” rhythms (or tachycardias) 
are “ventricular” since they arise below the bifurca- 
tion of the His bundle.? !? 


EFFECTS OF LIGNOCAINE BOLUSES (Table) 

The initial two boluses had the following effects: (a) 
permanent suppression in one patient; (b) transient 
abolition with subsequent recurrences in four patents 
(Fig. 1 and 3); and (c) neither transient nor perma- 
nent suppression in four patients (Fig. 4). 


EFFECTS OF DRIP INFUSION (Table) 

Eight patients still had some episodes of bidirectional 
tachycardia while the drip infusion of lignocaine was 
being administered. Whereas in two of these eight 
patients bidirectional tachycardia was abolished in an 
*all-or-none" fashion (that is, with both types of 
complexes disappearing at the same time), in the 
remaining six patients termination occurred more 
gradually. The initial disappearance of the alternation 
in standard leads was replaced by multiform ectopic 
ventricular beats, some of which had a contour similar 
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Fig. 7 The top two TOUS son the “classic” —— pattern of bidirectional tachycardia with 
alternation in polarity in leads I, II, aVL, aVF, and V6; and alternation in morphology only in lead V1. 


Bidirectional tachycardia disappeared (temporarily) in the third strip (after the initial two boluses of lignocaine) to 
reappear 10 minutes after having started the drip infusion. 
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Fig. 2 Tracing from the patient who received a bolus ph 75; 
the end of the injection. 


to that of the ventricular complexes present during 
bidirectional tachycardia. All episodes of bidirectional 
tachycardia had gone by between 1-45 and 2-15 hours 
after the start of the drip infusion. When the bidirec- 
tional tachycardia ended five patients had sinus 
rhythm, one had atrial fibrillation, and three had 
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atrial tachycardia with block. The latter arrhythmia 
was also suppressed by the drip infusion of lignocaine 
(Fig. 5). Initially there was a gradual decrease in the 
ectopic atrial rate which resulted in a change from 
second degree to 1:1 atrioventricular conduction. 
Consequently, the ventricular rate increased. As more 
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Lignocaine in bidirectional tachycardia 


lignocaine was infused, the atrial (and ventricular) 
rates became progressively slower until the sinus node 
was able to take over. 

After stopping the lignocaine drip (at the end of six 
hours) six patients had a 60 minute period of sinus 
rhythm without ventricular ectopic activity. Unifocal 
ventricular extrasystoles still occurred, however, in the 
two patients with mitral valve prolapse. Paroxysms of 
bidirectional tachycardia recurred 30 to 40 minutes 


later in these two patients. In the remaining patient 


(with chronic atrial fibrillation) it could not be deter- 
mined if the wide QRS complexes that were present 
resulted from aberration of supraventricular impulses 
or from ectopic ventricular activity. These wide ven- 
tricular complexes did not resemble the QRS com- 
plexes which had constituted the bidirectional 
tachycardia. 


Discussion 


. SITE OF ORIGIN OF BIDIRECTIONAL 
TACHYCARDIA 

All published reports dealing with intracardiac studies 
in patients with ectopic bidirectional tachycardia have 
shown its infra-atrioventricular junctional (ventricu- 
lar) origin.!77?19 This finding was corroborated by 
His bundle recordings in three of our patients. 


EFFECTS OF LIGNOCAINE 


Lignocaine (a class I agent) was used because in our 


hospital this is the drug first administered to treat 
those arrhythmias initially diagnosed as *'ventricu- 
lar". Thus, no conclusions can be drawn as to 
whether lignocaine is superior to potassium salts, 
drugs that cause depression of slow inward calcium 
current, or other class I agents such as diphenylhy- 
dantoin, procainamide, and quinidine.!! 

Class I agents act essentially by depressing the fast 
inward sodium current (fast response).!! They 
decrease action potential amplitude, prolong the 
effective refractory period, and depress phase 4 
depolarisation. Lignocaine and diphenylhydantoin, 
however, shorten action potential duration while pro- 
cainamide and quinidine lengthen it.!! 

According to Vaughan-Williams, lignocaine shor- 
tens action potential duration in those fibres where it 
was previously longest. Hence, action potential dura- 
tion becomes more uniform.!! This effect, combined 
with the depression of phase 4 depolarisation, may 
have been responsible for the suppression of the 
arrhythmias occurring in our patients (which could 
have resulted from the association of automaticity and 
conduction disturbances). 


In all cases, lignocaine proved to be effective when ` 


it could be administered adequately according to its 
well known pharmacological properties. !?~-!5 The clin- 
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ical course, and the plasma concentrations of lig- 
nocaine that were observed in two patients, suggested 
that the effectiveness of this drug was indeed related 
to its pharmacokinetics.!? !5 For example, it is known 
that after a single intravenous injection, lignocaine 
follows a two-compartment exponential disappear- 
ance curve.!^ Diffusion through the body from the 
central compartment is first order, with a distribution 
half time of five to 10 minutes, equilibration through 
the body thereby requiring 20 to 40 minutes. The 
elimination of half time is around two hours.!5 

Case 1 developed ventricular fibrillation five 
minutes after a single dose of lignocaine. It is possible 
that ventricular fibrillation occurred at a time when - 
*'subtherapeutic" plasma lignocaine levels were pres- . 
ent. 

The two patients with drug-unrelated bidirectional 
tachycardia had milder symptoms than those with 
digitalis-induced arrhythmias. Furthermore, bidirec- 
tional tachycardia recurred after stopping lignocaine. . 
Thus, more studies of these types of bidirectional 
tachycardia appear warranted. 

Lignocaine is generally not considered to be a use- 
ful drug in the treatment of supraventricular | 
arrhythmias. !6 17 This study showed, however, that it 
was capable of abolishing atrial tachycardia with block .. 
caused by digitalis toxicity. Moreover, the electrocar- - 
diographic effects were similar to those produced by | 
intravenous potassium and procainamide, as previ- 
ously reported by Lown et al.!8 The initial effect of 
lignocaine, potassium, and procainamide is a decrease 
in the atrial rate which, when of sufficient magnitude, 
converts the second degree atrioventricular block into 
1:1 atrioventricular conduction, thereby increasing 
the ventricular rate. This gradual decrease in the atrial 


rate (and therefore of the ventricular rate) continues 


until the sinus node takes over. 

As stated by Lown et al.,!9 the infusion should not 
be stopped when the ventricular rate increases. On 
the contrary, it has to be continued since this is the 
response expected before conversion to sinus rhythm. 
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Influence of beta adrenergic blockade on effects of 
physical training in patients with ischaemic heart 
disease 


L VANHEES, R FAGARD, A AMERY 


From the Hypertension and Cardiovascular Rehabilitation Unit, Department of Pathophysiology, University of 
Leuven (KU Leuven), Leuven, Belgium 


SUMMARY Reduction in heart rate during submaximal exercise is often used to judge the progress of 
patients with ischaemic heart disease in the course of a physical training programme. Some patients, 
however, are treated with beta adrenergic blocking drugs and it remains controversial if chronic beta 
blockade influences the effects of training and if heart rate remains a useful guide in the evaluation of 
the state of training of these patients. 

Male postinfarction patients, 15 treated with and 15 without beta blockers, were trained for three 
months, three times a week. Cardiorespiratory results from uninterrupted incremental exercise tests 
before and after training were compared. In each subgroup, the heart rate and systolic blood 
pressure were significantly reduced. For heart rate the decrease after training became more pro- 
nounced with increasing work load and the overall reduction was significantly less in the beta 
blocker group compared with the patients not treated with beta blockers. For systolic blood pressure 
the training-induced reductions were more pronounced in the patients on beta blockers. 

The increase of peak oxygen uptake was similar in the patients with and without beta blockers, 
namely 36% and 34-596. At submaximal exercise carbon dioxide output, pulmonary minute ventila- 
tion, and the respiratory exchange ratio were lower after training, and these effects of training were 
similar whether or not the patients were on beta blockers. 

The study shows that the usual effects of training are observed in patients on beta blockers, and 
that heart rate remains a useful guide to their evaluation throughout a physical training programme. 


The cardiorespiratory effects of physical training have 
been intensively studied in normal subjects and 
include increases in both maximal oxygen uptake and 
maximal pulmonary ventilation, an increase in the 
anaerobic threshold, and reductions in heart rate and 
possibly blood pressure at rest and at submaximal 
work.! 

Physical training has been used in the rehabilitation 
of patients with ischaemic heart disease, with roughly 
similar cardiorespiratory effects.?? The reduction in 
heart rate during submaximal work is often used to 
judge the progress of the patient during the pro- 
gramme. Some of these patients, however, are taking 
beta adrenergic blocking drugs for hypertension, 
angina, or other disorders. It remains controversial if 
chronic beta blockade influences the effects of train- 


Accepted for publication 2 March 1982 


ing and if heart rate remains a useful guide in the 
evaluation of the state of training of these patients.^5 
Therefore, in the present study, we compare the 
cardiorespiratory effects of training in two groups of 
patients with ischaemic heart disease: one group 
treated with beta blockers and the other without. 


Subjects and methods 


(1) SUBIECTS 

The study was performed on male patients who were 
referred to the cardiac rehabilitation unit eight or 
more weeks after they had suffered from a myocardial 
infarction. Thirty patients were studied and they ali 
fulfilled the following criteria: no alteration of medica- 
tion during the training programme, nor for at least 
six weeks before the pretraining test; no limitation by 
angina pectoris during pre- and post-training evalua- 
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tion and attainment of a work level of at least 110 
Watts at the pre-training test. Their characteristics 
are given in Table 1. Fifteen patients were on beta 
blockers, and their characteristics were similar to 
those of the patients without these drugs. The doses 
of beta blocking drugs are given in Table 2. 


(2) TRAINING PROGRAMME 

The physical training programme was designed so 
that the patients would exercise indoors for three 
months, three days a week for a total duration of 75 
minutes, rest included, for each exercise session. Each 
session consisted of: cycling for 10 minutes, rowing 
twice for two and a half minutes, running twice for 
four minutes, and callisthenics twice for 15 minutes. 
The intensity of the exercise was adapted to 60 to 8096 
of the measured maximal capacity for each patient. 
An exercise leader and a physician supervised all exer- 
cise sessions. 


(3) TESTING PROCEDURES 


(a) General outline 

Testing before and after training was performed using 
uninterrupted graded exercise on an electromagneti- 
cally braked cycle ergometer (Elema Schónander 
EMT 369), in an air-conditioned laboratory (tempera- 
ture 18 to 22°C, humidity 40 to 60%), according to an 
identical procedure. Each subject was tested at 
approximately the same time of the day before and 
after training, mostly in the afternoon. Observations 
were made after 10 minutes sitting on the bicycle (RS) 
and at several work levels: the patients first exercised 
at 20 Watts for four minutes and then the exercise rate 
was increased by 30 Watts every four minutes. All the 
patients were allowed to perform a symptom limited 
graded exercise test, that is they determined the point 
of interruption themselves from tbeir subjective feel- 
ings (exhaustion, dyspnoea, pain, or tiredness in the 
legs). It was not felt acceptable to encourage them any 
further in view of their ischaemic heart disease. Their 
final values are indicated as “peak” values. 


(b) Carditorespiratory variables 

The patient's electrocardiogram was monitored via a 
high persistence oscilloscope, and heart rate was cal- 
culated continuously. Systolic blood pressure was 
measured with a standard mercury sphygmoman- 
ometer. The product of heart rate and systolic blood 
pressure (rate pressure product) was calculated. 


(c) Respiratory variables 

Pulmonary minute ventilation (Vg) was measured 
with a pneumotachograph and expressed in l/min, 
BTPS conditions (body temperature, barometric 
pressure, saturated with water vapour), oxygen con- 
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Table 1 Characteristics of patients 





Patients treated Patients 





with without 
beta blockers beta blockers 
No. 15 15 
Age (y)* 49-00% 2-2 50-50+ 1-4 
Weight (kg)* 73-00+ 1-5 70-10+2+] 
Height (m)* 1-74+0-01 1-72+0-02 
Body surface area (m?)* 1-873:0-03 1-83 0-03 
Time between infarction and 
onset of training (wk)* 27-60:-6.3 15-20+3-5 
Duration of training (wk)* 13-90+0-5 13-60+0-4 
Frequency of training per week* 2-51+0:1 


2-41-0-1 





*The data are means SE. 
Bes oe no significant differences between the groups for any of the 
variables 


centration by a paramagnetic oxygen analyser, and 
carbon dioxide concentration by an infrared carbon 
dioxide analyser (Siregnost FD 80, Siemens). Oxygen 
uptake (VO,) and carbon dioxide. output (VCO,), 
expressed in l/min, were continuously calculated and 
reduced to STPD conditions (standard temperature 
and pressure, dry). The respiratory exchange ratio 
(R=VCO,/VO,) and the respiratory equivalent for’ 
oxygen (RE= V/V Oj) were calculated. A definition 
of these variables is given in the “glossary on respira- 
tion and gas exchange" .ó 


(4) ANALYSIS OF DATA 
The data were analysed separately for the patients 
treated with and those without beta blockers, at rest . 
in the sitting position, at the work rates of 20, 50, 80, 
and 110 Watts which were performed by all, and at 
the final work rate. 

For statistical analysis, observations during the last 
five minutes in the sitting position were used, and 
during exercise the data of the last minute at each 


Table 2 Details of treatment in patients 


Patients treated Daily dose Patients 
with without 
beta blockers beta blockers 
Alprenolol 
hydrochloride 1 200 mg 0 
Atenolol 2 100 mginl 0 
200 mg in 1 
Metoprolol 7 .75 mginl 0 
100 mg in 4 
200 mg in 2 
Propranolol 5 30mginl1 0 
60 mg in 3 
120 mg in 1 
Anticoagulants 3 4 
Antihypertensives 2 2 
Aprindine 0 3 
Digitalis 4 5 
Diuretics 2 0 
Kinidine 0 I 
Nifedipine 0 1 
Glyceryl trinitate 6 3 
Sedatives 6 4 
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exercise level. Unpaired t tests were used to evaluate 
possible differences between both groups of patients, 
paired t tests, and analysis of variance to compare pre- 
and post-training observations.’ The dispersion of the 
data is given by standard error of mean. 


Results 


(1) OBSERVATIONS AT REST AND SUBMAXIMAL 
EXERCISE 


(a) Cardiovascular variables 
Pre-training heart rate was lower in the patients on 
beta blockers when compared with those without such 
treatment as indicated by the lower heart rates at 
RS-11 beats/min (p<0-05), at 20 W-10 beats/min 
(p<0-05), at 50 W-10 beats/min (p<0-05), at 80 W-12 
beats/min (p<0-01), and at 110 W-16 beats/min 
(p<0-001) (Fig. 1). Pre-training systolic blood pres- 
sure was not significantly different in the treatment 
groups. 

Training reduced both heart rate and blood pres- 
sure. Fig. 1 summarises the absolute levels of heart 
rate. In Fig. 2 the changes from the pre-training test 


Beta blockers 









Heart rate ( b/min) 





RS 20 50 B0 110 
Work load (W) 


Fig. 1 Heart rate before (open signs) and after training (closed 
signs) in patients treated with beta blockers (circles) and in those 
without beta blockers (squares) at rest in the sitting position (RS) 
and at 20 W, S0 W, 80 W, and 110 W. Values are means SE. 
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interactions) the F value indicates if 
there is a sigmficant effect of the level of 
physical activity on the effect of 
traimng. The p values indicate the 
significance of the F and F; values. 

*p —0-05; **p —0-01; ***p<0-001. 
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Table 3 Comparison of peak data of cardiorespiratory variables at symptom limited maximal exercise before and after training for 
patients treated with and without beta blockers (values are means +SE) 





Patients treated with beta blockers (n=15) 


Before training After training 
HR (beats/min) 1242: 3-6 135+3-5** 
SBP (mmHg) 186+6-3 190+6-8 
RPP (beats/minx mmHg) 23106-1260 25530 1179* 
VO, (ml/min 1627759 2213+89*** 
VCÓ, (ml/min) 1721+78 2403+ 131*** 
p (l/min) 50-4+2:1 70-44 3-4%%* 
1-04+0-03 1-08+0-02 
RE 29-6 1-5 31-9 1-0 


Patients treated without beta blockers (n= 15) 


Before training After training 
137443 148+4-3* 
175£9-2 189+6-8* 

23598 1513 27508+ 1375* 

1521257 2044+60*** 

1637+61 2232+ 83*** 
50-5::1.9 70-9 3.6*** 
1-08:-0-01 1-11+0-02 
33-8+1-6 35-2x1:4 


P values are given for the comparison of pre- and post-training values within each group: *p<0-05; **p« 0-01; ***p« 0-001. 
Abbreviations: HR, heart rate; SBP, systolic blood pressure; RPP, rate pressure product; VO,, oxygen uptake; VCO,, carbon dioxide output; 
V, ventilation; R, respiratory exchange ratio; RE, respiratory equivalent for oxygen. 


to the post-training evaluation for heart rate and sys- 
tolic blood pressure, at rest in the sitting position and 
at 20, 50, 80, and 110 W are illustrated for both sub- 
groups. For resting and exercise data (20 W to 110 W) 
combined, the 9596 confidence limits of the training- 
induced reductions in heart rate and in systolic blood 
pressure were, respectively, 6-2 to 8-6 beats/min and 
11-4 to 15-8 mmHg for the patients on beta blockers 
and 8.8 to 12-1 beats/min and 6 to 11-5 mmHg for 
those without such treatment. These changes were 
significant (p<0-001 for all) in each subgroup, when 
three-way analysis of variance was applied, taking (1) 
resting and exercise conditions (levels of physical 
activity), (2) subjects, and (3) training into considera- 
tion. In general the effects of training appear to be 
more pronounced with increasing levels of physical 
activity. When the two subgroups were compared it 
was found that the training-induced changes of heart 
rate in the beta blocked group were significantly 
(p« 0-01) less than in the group without beta blockers. 
The changes of systolic blood pressure, however, 
were more pronounced (p<0-05) in the beta blocked 
group. 


' (b) Respiratory variables 

Fig. 2 also illustrates the differences for oxygen 
uptake, carbon dioxide output, and pulmonary venti- 
lation from pre- to post-training for the two sub- 
groups. The observations were similar and statisti- 
cally not different in patients with and patients with- 
out beta blockers. Whereas the oxygen uptake was not 
affected by training, carbon dioxide output and pul- 
monary ventilation remained unchanged at 20 and 
50 W, but decreased at 80 and 110 W, reflected by 
the significant interactions between the levels of phys- 
ical activity and the training effect (all significant at 
p«0-001) The respiratory exchange ratio was 
significantly reduced by 7-596 at 80 W and by 8-896 at 
110 W for the group receiving beta blockers and by 
6-296 at 80 W and 7-796 at 110 W in the group not on 


beta blockers; no significant differences 
observed at the other work rates. 


were 


(2) OBSERVATIONS AT SYMPTOM LIMITED 
MAXIMAL EXERCISE 

Table 3 summarises the peak data for the two treat- 
ment groups. Heart rate, rate pressure product, 
oxygen uptake, carbon dioxide output, and pulmon- 
ary ventilation were significantly increased in both 
subgroups after training. The increase of systolic 
blood pressure was only significant in patients without 
beta blockers. The respiratory exchange ratio and the 
respiratory equivalent for oxygen were not different 
before and after training. Overall the results were 
similar and not significantly different for the patients 
with and those without beta blockers. 


Discussion 


(1) EFFECTS OF TRAINING 

The data demonstrate the effectiveness of the training 
programme and are in agreement with previous 
reports on physical training in normal subjects and in 
cardiac patients. 

At rest and at submaximal levels of exercise, heart 
rate, systolic blood pressure, and the rate pressure 
product were reduced, which is in agreement with 
previous reports, !3 except for systolic blood pres- 
sure in some studies.!^!5 In both groups the patients 
were able to support a higher level of cardiac work 
since the peak values of these variables were higher 
after training compared with before training, whereas 
the respiratory exchange ratio and the respiratory 
equivalent for oxygen were not statistically different. 
After training the pre-training peak values of the rate 
pressure product were reached at a 2196 higher 
oxygen uptake. This suggests that after training, a 
higher work rate can be attained with a similar 
myocardial oxygen consumption, since the product of 
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heart rate and systolic blood pressure is well corre- 
lated with the oxygen uptake of the heart.!$ 

Total body oxygen uptake at submaximal work is 
not affected by training, in agreement with an 
unchanged mechanical efficiency.??!? From 80 W on, 
however, carbon dioxide output, pulmonary ventila- 
tion, and the respiratory exchange ratio were lower 
after training, suggesting a reduced contribution of 
anaerobic metabolism to the energy production.! 
Peak oxygen uptake increased significantly after train- 
ing by, on average, 3596 in both groups. Since the 
subjects could attain a similar respiratory exchange 
ratio, carbon dioxide output and consequently pul- 
monary ventilation attained higher values, a well rec- 
ognised effect of training.!5 


(2) EFFECTS OF BETA ADRENERGIC BLOCKADE 
Fifteen patients were on treatment with beta 
adrenergic blocking agents for at least six weeks 
before the study. Since heart rate was not measured 
during a similar exercise test before the drug was 
started, the degree of beta blockade cannot be ascer- 
tained; however, the pretraining heart rate of these 
patients in the sitting position at rest, which averaged 
66 beats/min, is 1596 lower than the heart rate of the 
patients who did not receive beta blockers. Overall 
these data show that training effects can be achieved 
in patients on beta blockers. This indicates that the 
intensity of exercise during the training sessions is 
adequate. It has been suggested that beta blockers 
limit exercise capacity.!? Our data cannot answer this 
problem but at least a sufficient degree of exercise 
intensity can be achieved to obtain training effects. 


(a) Respiratory variables 

Beta adrenoceptor blockade did not influence the 
effects of training on the respiratory variables which is 
in accordance with Obma et al.5 but not with Malm- 
borg et al.^ The number of patients in the latter study 
was small, however, and the training intensity low. In 
the present study the effects of training on aerobic and 
anaerobic metabolism were similar whether or not the 
patients were treated with beta blockers. This is in 
accord with studies of Wasserman etal.?? who 
showed that neurogenic factors did not play an impor- 
tant role in the ventilatory control during exercise. 


(b) Cardiovascular variables 

Endurance training reduced heart rate, which is 
considered the result of altered sympathetic- 
parasympathetic tone. Parasympathetic blocking 
agents such as atropine have been shown to increase 
the pre- and post-training heart rates to a similar 
extent at rest,?! but the increase at submaximal exer- 
cise was greater after training; these findings suggest 
an increased parasympathetic tone in response to 


training, at least during exercise. An augmented vagal 
tone was also shown in trained rats.???? On the other 
hand, the reduction of heart rate by the beta 
adrenoceptor blocker propranolol was less pro- 
nounced after than before training, suggesting 
reduced sympathetic tone after training,?! which is in 
accordance with the observed decrease of plasma 
noradrenaline levels.2425 

In the present study heart rate decreased 
significantly after training in patients on chronic 
treatment with beta adrenoceptor blockers, and the 
decreases of heart rate were close to, though 
significantly smaller than those of patients without 
such treatment. Since beta adrenoceptors were 
blocked throughout the study, though probably 
incompletely in a clinical setting, an increase of the 
parasympathetic tone is a more likely explanation for 
the observed exercise-induced bradycardia. The many 
other mechanisms which have been postulated such as 
ventricular hypertrophy, decreased sensitivity of car- 
diac adrenergic receptors, and intrinsic changes of the 
sinus node, can, of course, not be excluded. 

The study thus shows that beta blockade does not 
influence the effects of physical training on various 
respiratory variables and that heart rate remains a use- 
ful guide for the evaluation of patients with ischaemic 
heart disease on treatment with beta adrenoceptor 
blockers throughout a physical training programme, 
provided that the degree of beta blockade remains 
unchanged. 


This study was partly supported by a grant from the 
Belgian IWONL. 
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Calcium is implicated in the 
increased arterial tone of hyper- 
tensives: Nifedipine, probably the 
most specific calcium antagonist: 
inhibits the influx of ionic calcium 
into smooth muscle cells and 
reduces vascular tone 
By counteracting this under- 
slying cause of hypertension, 
nifedipine predictably reduces blood 
pressure proportionately to the pretreat- 
ment level. This effect makes nifedipine suit 
able for all grades of hypertension? * super- 
seding conventional therapy with less specific 
modes of action. 
New Adalat Retard tablets, specially formulated 
for twice daily treatment of hypertension can be used as 
first line therapy or to complement beta-blockers, diuretics 
and methyldopa. 
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dinitrate in 10ml solution) for the treatment recovery from left ventricular failure." The 
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Scintigraphic study of relation between left ventricular 
peak systolic pressure and end-systolic volume in 
patients with coronary artery disease and normal 
subjects 


JOHN WATKINS,* ROBERT SLUTSKY, JULIO TUBAU, JOEL KARLINER 
From the Division of Cardiology, University of California, San Diego, California, USA 


SUMMARY We have studied the relation between left ventricular peak systolic pressure and end- 
systolic volume in 12 normal subjects and 12 patients with coronary artery disease. Peak systolic 
pressure was measured with a cuff sphygmomanometer and left ventricular volumes were deter- 
mined by radionuclide ventriculography. 

Observations were made at rest, after 1 mg atropine, and during at least three increments of an 
infusion of phenylephrine which raised systolic blood pressure by 45 mmHg while heart rate was 
held constant. 

The relation between peak systolic pressure and end-systolic volume at a constant heart rate was 
found to be linear in all subjects. The slope of this line was steeper in normal subjects than in 
patients with coronary artery disease and correlated exponentially with the ejection fraction deter- 
mined simultaneously. The end-systolic volume extrapolated to zero pressure (V4) was not 
significantly different between the two groups and correlated poorly with the ejection fraction. 

The simple ratio of peak systolic pressure to end-systolic volume, at rest and after drug interven- 
tions, was of similar sensitivity to the ejection fraction in the detection of patients with left ventricu- 
lar dysfunction caused by coronary artery disease. In normal subjects, however, this ratio rose after 
atropine whereas the ejection fraction was unchanged. 

The apparent superiority of the ratio of peak systolic pressure to end-systolic volume over the 
ejection fraction in the detection of the positive inotropic response to increasing heart rate, coupled 
with the linearity of this relation over a wide range of systolic blood pressure, suggests that the 
systolic pressure-volume relation will prove useful in the evaluation of cardiac drug effects in man. 

None of the indices derived from the systolic pressure volume relation, however, was more 
sensitive than the ejection fraction derived simultaneously, in the detection of patients with left 
ventricular dysfunction resulting from coronary artery disease. 


The relation between left ventricular pressure and 
volume at end-systole in experimental models has 
been shown to be a sensitive and relatively preload- 
independent index of the prevailing inotropic 
state.! ^? 

The utility of this relation as a putative index of 
inotropic state in man has been enhanced by the 
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finding that peak systolic pressure can be substituted 
for end-systolic pressure without significantly altering 
these properties.^ § 

Considerable interest has thus been shown in this 
relation, both as a method of studying cardiac drug 
effects and also as a means of detecting myocardial 
dysfunction caused by coronary artery disease.^ !? 

The simple ratio of peak systolic pressure to end- 
systolic volume (P/V ratio), the slope of this relation 
over a physiological range of blood pressure (P/V 
slope), and the theoretical value of end-systolic vol- 
ume extrapolated to zero systolic pressure (V4) have 
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all been used to represent the end-systolic pressure- 
volume relation, but none has been widely evaluated 
in man. 

We have therefore undertaken a scintigraphic study 
in normal subjects and patients with coronary artery 
disease: (1) to confirm the linearity of the peak systolic 
pressure—end-systolic volume relation in man by a 
method that does depend on geometric assumptions 
about ventricular morphology at end-systole; (ii) to 
compare the P/V ratio; the P/V slope, and V —all 
derived at a constant inotropic state—with the ejec- 
tion fraction obtained simultaneously; (iii) to compare 
the sensitivity of these indices in the detection of 
impaired myocardial function resulting from coronary 
artery disease. 


Subjects and methods 


The study was undertaken in 24 normotensive male 
volunteers. Twelve subjects (mean age 51, range 41 to 
69 years) had sustained a myocardial infarction at least 
six months previously, as evidenced by a typical his- 
tory of chest pain, raised serum creatine kinase levels, 
and characteristic electrocardiographic changes (for 
complete clinical details, see Table 1). No patient had 
clinical evidence of valvular heart disease or 
peripheral vascular disease and none had taken any 
drugs except diuretics within 48 hours of the study. 

The other 12 subjects were normal (mean age 34, 
range 19 to 58 years) with no clinical evidence of car- 
diovascular disease. They were taking no drugs and 
had no abnormalities on resting or exercise elec- 
trocardiograms. Written informed consent was 
obtained from all subjects and the procedure was 
approved by the Human Subjects Committee of the 
University of California, San Diego. Neither smoking 
nor the consumption of caffeine-containing beverages 
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was permitted for four hours before the study. 

On arrival at the laboratory, subjects were 
instructed to lie supine and to remain still throughout 
the study. A 19 gauge “butterfly” needle (Abbott 
Ltd) was inserted into a vein in the right arm for 
administration of drugs. An 18 gauge intravenous 
cannula (Jelco Ltd) was introduced into a forearm 
vein on the left arm for blood sampling. 


MEASUREMENTS 

Standard lead II of a surface electrocardiogram was 
continuously displayed on a cardiac monitor (Hewlett 
Packard Ltd). A precise heart rate was obtained at 
each-phase in the study from-the number of cardiac 
cycles recorded by the gamma camera during a five 
minute electrocardiogram gated left ventricular 
scintigram (see later). l 

Blood pressure, taken by the same investigator, was 
measured by auscultation in duplicate from the right 
arm every 60 seconds during left ventricular scintig- 
raphy, using a standard mercury sphygmoinanometer 
(Baumanometer Ltd). The systolic blood pressure 
used in the determination of each point in the systolic 
pressure/volume relation was thus the mean of 10 
readings taken over a five minute period. (Blood pres- 
sure was also measured in the left arm at the begin- 
ning of the study and disparities between the two 
arms of >15 mmHg were not found.) 

Left ventricular ejection fraction, end-systolic vol- 
ume, and end-diastolic volume were determined by 
equilibrium radionuclide ventriculography (see data 
analysis). 

The patient's own red cells were labelled with 
?9m technetium (Tc) using the method of Smith and 
Richards.!! Briefly, 4 ml venous blood were: drawn 
into a heparinised syringe and incubated for’ five 
minutes with freeze-dried stannous citrate in a sterile 


Tablel Clinical details of patients with previous myocardial infarction: symptomatic details and clinical class refer to time of study 





Anterior — — 


Subject Location of Coronary Congestive 
myocardial bypass heart failure 
infarction surgery 

HC 
Inferior — — 

FC Inferior — — 

RS Anterior — + 

CD Subendocardial — — 

MW Inferior + — 

AH Anterior — — 

MR Anterior — — 

LG Inferior — — 

Ww Inferior + — 

GM Inferior — — 

HP Anterior + — 


Angina Arrhythmias NYHA Medications 
clinical 
class 
+ — I Nitrates 
+ — I Nitrates 
+ + H Frusemide, 
nitrates, 
propranolol 
* — II Quinidine, 
digoxin, 
nitrates 
— + I Quinidine 
~ - : Digoxin 
P — I n 
+ — : Nitrates 
— 4 I Quinidine, 
nitrates 


i 
| 
bend 
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evacuated glass tube. The tube was then centrifuged 
upside down for five minutes at 1300xg and the red 
cells carefully removed by needle aspiration through 
the rubber stopper. 

Finally, the red cells were incubated in a sterile 
tube containing ??" Tc (Nuclear Pharmacy Ltd) for a 
further five minutes before 1 ml red cell suspension, 
- containing 15 to. 20 mCi ?""Tc, was reinjected 
intravenously to effect the blood pool label. Great care 
was taken to ensure a sterile technique and also to 
minimise damage to the red cells during the labelling 
procedure. 

A single crystal gamma camera (Picker Dyna-Mo) 
fitted with a parallel hole, general purpose collimator, 
was then positioned over the subject’s chest wall in a 
45° left anterior oblique position, with 5 to 10° caudal 
tilt. The camera position was then further adjusted if 
necessary so that the image of the left ventricle was 


clearly separated from that of the right ventricle and . 


the left atrium. Thereafter, the camera position 
remained unchanged. 


PROCEDURE 

After the subjects were in a basal haemodynamic 
state, a five minute equilibrium left ventricular 
scintigram, gated from a modified V5 electrocardio- 
graphic lead, was performed. Blood pressure was 
measured in duplicate each minute. At the mid-point 
of the scintigraphic acquisition, a 10 ml venous 
sample was drawn, from which 4 ml was pipetted for 
later gamma counting. 

Then, 1 mg atropine sulphate (Abbott Ltd) was 
injected intravenously over five minutes. This was 
done to minimise the baroreflex mediated bradycardia 
that accompanies the infusion of pressor agents such 
as phenylephrine. After a further 10 minutes, left ven- 
tricular scintigraphy, blood sampling, and blood pres- 
sure measurements were repeated. 

Next, an 80 pg/ml solution of phenylephrine 
hydrochloride (Winthrop Ltd) in normal saline was 
infused by means of a variable delivery rate pump 
(Ivac Ltd). The infusion was started at 80 ug/minute 
and titrated to produce target increments in systolic 
blood pressure of 15, 30, and 45 mmHg. When each 
target level of systolic blood pressure had been 
reached, it was held stable for five minutes while left 
ventricular scintigraphy was repeated. The heart rate 
was maintained within six beats per minute of that 
achieved after atropine by supplementary intravenous 
injections of atropine (0-1 to 0-3 mg) when necessary. 
In four patients with coronary artery disease, only two 
increments of phenylephrine were used because of the 
initial low ejection fraction. 


DATA ANALYSIS 
Equilibrium radionuclide studies were processed 
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using a “Muga Cart" on-line computer (Medical Data 
Systems Ltd). Data recorded from each cardiac cycle 
during the five minutes of acquisition were divided 
into 28 equal time frames and integrated to construct 
a composite cardiac cycle. A rectangular region of 
interest was then placed around the composite left 
ventricular image, and an edge detection programme 
(Mug-O) used to define the boundary of the left ven- 
tricle throughout the cardiac cycle. (The edge detec- 
tion algorithm utilises both absolute count rates and 
second derivatives of the count rate change in each 
time frame.) Background -counts were automatically 
subtracted from the left ventricular region of interest 
to correct for non-cardiac activity. The five minute 
count rate exceeded 5000 in the left ventricular region 
of interest at end-diastole in all studies. Thus, a back- 
ground corrected time-activity curve from the left 
ventricle was obtained, from which ejection fraction 
was calculated using the following equation: 
Ejection fraction 

(end-diastolic counts)—(end-systolic counts) 

end-diastolic counts 


Left ventricular end-diastolic volume was calcu- 
lated by the method of Slutsky et al. !? Left ventricular 
counts at end-diastole, corrected for frame time and 
the number of cardiac cycles processed, were divided 
by counts from whole blood drawn at the mid-point of 
each study, corrected for background activity, elapsed 
time, and radioactive decay. 

Thus: 
(end-diastolic counts) 0-04 
— — — — — 

cycles processed time/frame zu: 

we ae e -115x hours 
counts activity elapsed 


= Arbitrary end-diastolic volume units. 

Using a least squares linear regression derived from 
previous comparisons between radionuclide and con- 
trast ventriculography. at this institution,!? end- 
diastolic volume was calculated as: 


EDV = [Arbitrary Vo qai —0-53 


volume units 
ml 


0-51 
Using this determination of end-diastolic volume, 
stroke volume (SV) was calculated as: 
SV=EFxEDV ml 
and, finally, ESV was calculated as: 
ESV=EDV-SV ml 
All ventricular volumes were reported as volume 
indices, that is ml/m? body surface area. The repro- 
ducibility of this technique has been validatd in our 
own and other laboratories. The reproducibility over 
time of end-diastolic volume and ejection fraction 
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using this method was +7:5 ml and +3%, respec- 
tively.1^!5 Inter- and intra- observer variability have 
both been found to be approximately 496.!5 

Individual plots were then constructed using three 
(n=8), four (n= 12), or five (n=4) points to define the 
relation between the mean value of systolic blood 
pressure during a five minute scintigram and the cal- 
culated end-systolic volume index, over a physiologi- 
cal range of blood pressure. 

Data were used only if heart rates during the vari- 
ous steps of phenylephrine infusion were successfully 
maintained within six beats a minute of the initial 
post-atropine value. Thus, the resting (pre-atropine) 
data were not included in these plots. 


STATISTICAL ANALYSIS 

Statistical comparisons within groups were performed 
using Wilcoxon's signed rank test and between 
groups using Wilcoxon's rank sum test. Regression 
analysis of paired data was performed on a Hewlett 
Packard model 9830A computer using a program 
which generated equations for the lines which best 
described these relations. All data are presented as the 
mean+] standard deviation from the mean, except 
where otherwise stated. 


Results 


(1) HAEMODYNAMIC CHANGES AND 
COMPARATIVE EFFECTS ON P/V RATIO AND 
EJECTION FRACTION 


At rest 

The haemodynamic status of the 12 normal subjects 
and the 12 patients with coronary artery disease is 
shown in Table 2. Blood pressure and heart rate were 
similar in the two groups, the major difference being a 
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larger end-systolic volume in the patients with cor- 
onary disease (50+24 ml/m? compared with 22+7 
ml/m? in the normals, p<0-01). 

While the mean P/V ratio was significantly lower in 
the patients with coronary disease than the normal 
subjects (2:79+ 1-00 mmHg/ml per m? compared with 
6-23+2-47 mmHg/ml per m?, p<0-01), it was not 
significantly better than the ejection fraction in the 
identification of individual patients with left ventricu- 
lar dysfunction caused by coronary artery disease 
(Fig. 1). 


After atropine 

The response to 1 mg intravenous atropine is shown 
in the left hand panels of Tables 3 and 4 for normal 
subjects and patients with coronary artery disease, 
respectively. Heart rate rose by 20 to 25 beats a 
minute and diastolic blood pressure rose by 5 to 8 
mmHg in each group. The P/V ratio was significantly 
increased by atropine in the normal subjects (from 
6-23+2-47 to 7-28+2:7 mmHg/ml per m?, p<0-01) 
but did not rise significantly in the patients with cor- 
onary artery disease (from 2:79+1-00 to 3-28+1-66 
mm g/ml per m?). 

By contrast, the ejection fraction showed a non- 
significant decline after atropine in both groups. In 
the patients with coronary disease, stroke volume fell 
significantly (from 50+24 to 32+12 ml/m?, p<0-01) 
but was maintained in the control group (53+13 
ml/m? at rest, 46+18 ml/m? after atropine —NS). 

Fig. 2 is a plot of the relation between the P/V ratio 
and the ejection fraction after atropine administra- 
tion. The relation is best described by the exponential 
equation y=0-82xe%3%, as illustrated. Note that most 
of the normal subjects lie on the steep part of the 
curve, where ejection fraction is relatively insensitive 
to changes in the P/V ratio. 


Table 2 Resting haemodynamic data in normal subjects and patients with coronary disease 








Normal subjects Coronary disease patients 
Subject BP HR EDVI ESVI VI PR EF Subject BP HR EDVI ESVI SVI PIV EF 
(mmHg) (bpm) (mijm?) (miim?) (ml/m?) (mmHgimi (96) (mmHg) (bpm) (ml/m?) (mim?) (miim?) (mmHgiml (96) 
per m?) per m?) 
WC 117/69 67 84 23 6l 5-09 73 HC 106/65 61 81 45 36 2°36 44 
DJ 112/61 71 90 24 66 4-67 73 KB 136/68 80 89 45 44 3-02 49 
ML 117/71 58 99 36 63 3-25 64 FC 100/65 46 68 24 44 417 65 
RC 120/70 70 75 22 53 5-45 70 RS 105/70 56 121 94 27 112 22 
MB 120/79 54 72 21 51 5.71 71 CD 108/62 88 42 29 13 372 30 
GM 128/70 58 62 15 47 8-53 76 MW 122/84 70 77 40 37 3-05 48 
PW 127/79 52 92 26 66 4-88 71 AH 132/80 55 68 42 26 3.14 39 
DE 118/75 72 50 li 39 10-73 78 MR 117/60 71 96 56 40 2-09 4} 
WE 128/69 68 58 24 34 5-33 59 LG 122/71 54 94 32 62 3.81 66 
WM 110/82 93 56 26 30 4-23 53 WW 135/75 53 129 61 68 2-21 53 
SS 130/75 71 72 12 60 10-83 83 GM 114/72 53 76 32 44 3-56 58 
HR 127/74 82 85 21 64 6-05 76 HP 115/75 97 126 98 28 1-17 22 
M 12173 68 75 22 53 6:23 71 M 11871 65 89 50 39 2:79 45 
SD + 7/6 +12 +16 +47 *13 + 247 + 8 3D + 12/7 +16 + 26 +24 +15 £100 x15 


BP, blood pressure; HR, heart rate; EDVI, end-diastolic volume index; ESVI, end-systolic volume index; SVI, stroke volume index; P/V, peak 
systolic blood pressure/end-systolic volume index ratio; EF, ejection fraction. 
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Fig. 1 Comparison of resting values of systolic blood pressure, 
end-systolic volume, P/V ratio, and ejection fraction in normal 
subjects and patients with coronary artery disease (CAD). The 
dotted lines denote the values that best discriminate between the 


two groups. 


During phenylephrine 

The maximum haemodynamic respone to the pressor 
effects of phenylephrine are shown in the right hand 
panels of Tables 3 and 4 for normal subjects and 
patients with coronary disease, respectively. Mean 
systolic blood pressure was similarly raised (42 and 39 
mmHg) in both groups, and in no subject was heart 


rate permitted to fall by >6 beats/minute from the 
post-atropine value. The P/V ratio fell in both groups 
but was only significantly reduced in the normal sub- 
jects (from 7:28+2-27 to 5-87+1-40 mmHg/ml per 
m?, p« 0-01). l 
Mean ejection fraction also fell in both groups dur- 
ing phenylephrine though again this was only 


Table 3 Haemodynamic data in normal subjects (left) 10 minutes after 1 mg atropine given intravenously and (right) during 
maximum infusion rate of phenylephrine 


After atropine 
Subject BP HR EDVI ESVI SVI PiV EF 
(mmH, (bpm) (mlim?) (miim?) (miim?) (mmHgiml — (96) 
per m?) 
WC 130/83 91 50 17 33 7-65 66 
D] 111/67 92 97 18 79 6-17 81 
ML 117/77 88 90 34 56 3.44 62 
RC 120/78 98 55 18 37 6-67 68 
MB 127/81 87 59 17 42 7.47 71 
GM 132/85 84 52 14 38 9-43 73 
PW 134/85 85 96 23 73 5-83 76 
DE 123/78 86 49 li 38 11-18 78 
WE 126/80 94 40 19 21 6-63 53 
WM 120/85 99 50 22 28 5-45 56 
SS 132/70 97 69 12 57 11-00 82 
HR 128/68 94 72 20 52 6-40 72 
Mean 125*/78*  91I**  65* 19** 46 7:28** 70 
SD +7/7 +5 +20 +6 +2-27 +9 


— } compared with resting values. 


During maximum phenylephrine infusion 


BP HR  EDVI ESVI SVI PIV EF 
(mmHg) (bpm) (mlim?) (miim?) (mlim?) (mmHg/ml — (99) 
per m?) 

170/124 96 82 31 51 5-48 62 
163/109 93 103 29 74 5-62 72 
158/115 95 105 47 58 3-36 55 
185/125 94 88 43 45 4-30 49 
172/117 89 80 25 55 6.88 69 
179/128 84 85 24 61 7-46 72 
165/98 79 101 33 68 5-00 67 
155/104 86 65 18 47 8-61 72 
165/109  À 392 65 30 35 5-50 53 
150/108 96 60 30 30 5.33 50 
178/87 95 102 25 77 7-12 75 
163/90 98 94 28 53 5.82 66 
167**/110** 9] 86**  30**  SS* 5.87** 64** 
z- 10/13 -16 +8 +14 +14 +9 


+6 


*p«( 


ty 2l compared with post-atropine values. 


For key to abbreviations see Table 2. 
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Table4 Haemodynamic data in coronary disease patients (left) 10 minutes after 1 mg atropine given intravenously and (right) during 


maximum rate of infusion of phenylephrine 














After atropine Dunng maximum phenylephrine infusion 
Subject BP HR EDVI ESVI SVI PW EF BP HR EDV! ESVI SVI PN EF 
(mmHg) (bpm) (mlim?) (mlim*) (miim?) (mmHgíml — (96) (mmHg) (bpm) (mlim?) (mlm?) (milim?) (mmHgíml — (9$) 
per m?) per m?) 
HC 104/75 82 75 45 30 2-31 40 145/100 86 93 6i 32 2-38 35 
KB 116/70 96 66 29 37 4-00 56 137/91 93 79 47 32 3-34 4] 
FC 110/80 75 74 41 33 2-68 45 180/130 80 146 86 60 2.09 4] 
RS 104/76 79 128 104 24 1-00 19 137/95 81 160 118 42 1-16 26 
CD 123/65 101 45 32 13 3-84 29 143/100 99 48 40 8 3-57 17 
MW 124/101 85 $5 28 27 4.42 49 165/110 80 76 42 34 3-93 45 
AH 140/92 82 $$ 36 19 3.89 35 190/110 79 81 54 27 3.52 32 
MR 109/53 93 85 54 3] 2:02 36 161/93 91 108 19 33 2-13 30 
LG 140/80 81 61 21 40 6-67 65 160/108 76 79 27 52 5.93 66 
WW 154/90 76 128 65 63 2.37 50 185/106 72 137 77 60 2-40 44 
GM 126/86 77 59 25 34 5.04 58 160/105 75 64 35 29 457 45 
HP 116/80 108 130 101 29 1-15 22 150/110 106 151 121 30 1-24 20 


—ñ—i — — —— — — —ñ —ñ— — — — — — — —— — — — OINO OOOO —— — —————— — — — 





M  122/79*  86** 80 —48 32 328 42. 161**105** 85 — 102**  65** 37 — 3.02 37 
SD — 1613  zll 31 £28 +12 166 *14 +1710 +10 £38 +31 £18  -139 +13 
*p<0-05 *p«0-05 | | 


**p« 0-01 J compar ed with resting values. 


For key to abbreviations see Table 2. 


significant in the normal subjects (from 70-9 to 
64-996, p«0-01). Thus, the P/V ratio and the ejec- 
tion fraction appeared to be similarly afterload- 
dependent in both groups studied. 


(2) LINEARITY AND SLOPE OF PEAK SYSTOLIC 
PRESSURE/END-SYSTOLIC VOLUME RELATION 

The relation between peak systolic pressure and end- 
systolic volume was found to be linear over a 
physiological range of blood pressure (rz0-91) in all 
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EF after atropine (A) 
Fig. 2 Plot showing the exponential relation between the PIV 
ratio and the ejection fraction (EF) determined simultaneously 
(tn this case after atropine). 


45 <0-01 \ compared witu post-atropine values. 


24 subjects studied. The slopes of these lines were 
significantly steeper in normal subjects than in the 
patients with coronary artery disease (3-9+0-9 
mmHg/ml per m? compared with 2-5+0-6 mmHg/ml 
per m2, p«0-05) though there was some overlap of 
individual values between the two groups (Fig. 3). 
Ten of 12 normal subjects, however, but only four of 
12 patients with coronary disease had a P/V slope 
72.7 mmHg/ml per m. 

The P/V slope correlated exponentially with the 
ejection fraction determined at the same heart rate 
(that is after atropine), as shown in Fig. 4. Thus, as 
with the P/V ratio, most of the normal subjects fell on 
the steep part of the curve, where the ejection fraction 
is relatively insensitive to changes in the P/V slope. 

The observed intercept of the P/V slope on the vol- 
ume axis was not significantly different between the 
two groups (see Table 5 for individual linear regres- 
sion data). 


(3) THEORETICAL VALUE FOR END-SYSTOLIC 
VOLUME AT ZERO SYSTOLIC PRESSURE—V, 

V, was calculated as —b/a where is the P/V slope and 
b is the observed intercept on the volume axis. Mean 
V, was —16::10 ml/m? in the normal subjects and 
—4+25 ml/m? in the coronary artery disease group 
(NS). No significant correlation was found between 
V, and ejection fraction overall, though there 
appeared to be a trend towards an inverse relation 
with values of less than 5096 for ejection fraction (Fig. 
5). 
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Fig.3 Individual plots showing the 
linear relation between the increase in 


i systolic blood pressure and the 


resultant rise in end-systolic volume. 

The slope of these lines in the patients 

with coronary-artery. disease tends to 

a be less steep than in normal subjects, 
but there is some overlap of the two 
groups. 


+20 #25 


Table 5 Characteristics of peak systolic pressure/end-systolic volume relation over physiological range of systolic blood pressure 





Normal subjects 

Subject r Slope Intercept Vy 
WC 0-97 2:7 +88 —33 
DJ 0-98 5-0 +19 —4 
ML 0-59 3-3 +6 —2 
RC 0-99 2-6 +73 —28 
MB 0-98 5-2 +39 —8 
GM 0-95 48 +68 —14 
PW 0-99 3-1 +63 —20 
DE 0-99 4-6 +72 —16 
WE 0-91 3.3 4-53 —16 
WM 0-99 3.8 +40 -1 
SS 0-96 3-5 +96 m 
HR 0-97 4.4 +45 —10 
M 0-97 3.9 455 —16 
SD +0-02 +0-9 +27 +10 


Coronary disease patients 
Subject r Slope Intercept Vo 
HC 0-98 2:5 -7 +3 
KB 0.93 . 28 +63 = 23 
FC 0-99 1-6 +46 7-29 
RS 0-93 2-1 —105 +50 
CD 0-96 2-0 +59 —30 
MW 0.94 2-7 +57 2k 
AH 0-99 2-6 +50 —20 
MR 0.97 2:5 —28 ` sell 
LG 0-98 3-8 +6] — 16 
WW 0-99 2-8 —25 +9 
GM 0-99 $3 +36 -—-1l 
HP 0-98 1-6 —51 +32 
0-97 2-5* 13 —4 
*0-02 +0-6 +55 +25 





*p<0-01 compared with normal subjects. r, linear coefficient of correlation between systolic BP and end-systolic volume over a physiological 
range of BP, that is y mmHg=ax+b ml/m? where a=slope, b=intercept, and V, —b/a (theoretical end-systolic volume index at zero 


pressure). 
6 y= 1:38x e0 Dix 
E r z0-78 p<0-01 
5 a nz24 5 
SES + CAD patients " o 
E 5 o Normal subjects 5 
OQ 
BE 4 o @ 
to 2 
u t o eo 
[^ Q 
Jeu . 
* ex e* O6 
t 
125 s e 
X e ° 
1 
~ 20 30 40 50 - -60 70 80 ~~ 90. 


EF after atropine ( */.) 
Fig. 4 Plot showing the exponential relation between the PIV 
slopes seen 1n Fig. 3 and the ejection fraction determined at the 
same heart rate, that 1s immediately after atropine. 
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EF after atropine (°%) 
Fig. 5 Plot of V , against ejection fraction (EF) determined at 
the same heart rate. Though no-significant correlation was found 
overall, there was a trend towards an inverse correlation in 
patients whose post-atropine ejection fraction (EF) was «3696. 
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Discussion 


This study has confirmed the linearity of the peak 
systolic pressure/end-systolic volume relation in man 
at a constant inotropic state and over a physiological 
range of blood pressure. Previous studies using 
M-mode  echocardiography!$ and contrast ven- 


triculography$ have also shown a linear relation but, 


unlike radionuclide ventriculography, both these 
methods are dependent on geometric assumptions 
about the shape of the left ventricle at end-systole, 
assumptions that may be particularly inappropriate in 
patients with previous myocardial infarction. 

The slope of this relation has been shown in previ- 
ous clinical and experimental studies to be an index of 
inotropic state.? 4 16 

We found an exponential relation between the P/V 
slope and the ejection fraction, confirming the 
findings of Mehmel et al.6 Most normal subjects fell 
on the steep part of the curve (see Fig. 4) suggesting 
that the P/V slope might be more sensitive to changes 
in inotropic state than the ejection fraction, at least in 
such normal subjects. 

Although the mean P/V slope was steeper in the 
normal subjects than in those with coronary disease, 
there was considerable overlap between the two 
groups, presumably because the resting contractile 
state of the left ventricle is not invariably depressed 
after myocardial infarction. 

The ejection fraction is commonly used in clinical 
practice as a measure of the contractile state of the left 
ventricle, but it is also influenced by changes in heart 
rate, preload, and afterloading conditions. Thus, 
when preload is decreased or afterload increased, the 
ejection fraction is depressed even if the inotropic 
state of the left ventricle is constant. Despite this limi- 
tation, the ejection fraction is widely used to detect, 
quantify, and prognosticate upon left ventricular dys- 
function in patients with coronary artery disease. 171? 

The P/V slope, however, being linearly afterload 
dependent and virtually unaffected by preload, may 
more accurately reflect the inotropic state of the left 
ventricle than the ejection fraction under circum- 
stances where both cardiac loading conditions and 
inotropic state are changing. Indeed, the P/V relation 
is now being used to evaluate cardiovascular drug 
effects in man.!9 20 

By contrast, the extrapolated value of end-systolic 
volume at zero pressure (Vy did not correlate 
significantly with the ejection fraction in our study, 
nor was it significantly different in subjects with and 
without left ventricular dysfunction caused by cor- 
onary artery disease. This is in contrast to the findings 
of Grossman et al.,^ who observed a significantly 
higher value for V, in patients with a depressed ejec- 
tion fraction than those with a normal ejection frac- 
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tion, as assessed by contrast ventriculography. 

Only the subgroup of five patients with severely 
impaired myocardial performance in Grossman’s 
study (mean ejection fraction 2496), however, had a 
significantly higher value of V,, and this tendency was 
observed in the five patients in our study with an 
ejection fraction <36% (see Fig. 5). In addition, there 
were no normal subjects in Grossman's study, and 
those with normal ejection fractions had evidence of 
systolic volume overload (mean end-systolic volume 
was 51 ml/m?). Thus, it appears that V, is not a sensi- 
tive index of myocardial performance in normal sub- 
jects and seems to be consistently raised only when 
both myocardial contractility is severely impaired and 
end-systolic volume is greatly enlarged. 

The P/V ratio was of similar sensitivity to the ejec- 
tion fraction in the detection of patients with left ven- 
tricular dysfunction caused by coronary artery dis- 
ease, at rest and after each of the pharmacological 
interventions. One interesting difference was in the 
response to atropine in the normal subjects. The P/V 
ratio rose in all 12 subjects after atropine, whereas the 
ejection fraction only rose in four subjects. Since it is 
now established that an increase in heart rate per se 
constitutes a positive inotropic stimulus in man! 
these findings further support the increased sensitiv- 
ity of the systolic P/V relation over the ejection frac- 
tion as an index of the prevailing inotropic state. 

Increasing afterload on the left ventricle with 
phenylephrine led to a similar dose-dependent decline 
in both the P/V ratio and the ejection fraction—both 
more pronounced in the normal subjects than in the 
patients with coronary artery disease. It was assumed 
for the purposes of this study that phenylephrine 
infusion in the presence of an atropine-induced 
vagolysis had no reflex effects upon the inotropic state 
of the left ventricle. No patient complained of chest 
pain or had electrocardiographic abnormalities during 
the phenylephrine infusion, but nearly all subjects 
had a transient throbbing headache at the highest 
dose. 

Isometric and dynamic exercise generally increase 
the sensitivity of indices of myocardial performance 
for differentiating normal subjects from those with 
left ventricular dysfunction caused by coronary artery 
disease. This has proved to be the case with studies 
using the systolic pressure/volume relation.?8 The 
response of both blood pressure and heart rate to any 
given level of exercise, however, may vary widely, 
both within and between subjects. We felt that phar- 
macological afterload stress, with control of the sys- 
tolic blood pressure and heart rate, might further 
increase the sensitivity of this index for detecting 
minor degrees of left ventricular dysfunction caused 
by coronary artery disease. The fact that no such 
increase in sensitivity was seen may be because our 
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study did not incorporate a positive inotropic stimulus 
such as that which occurs with exercise, and a study 
using isoprenaline under similar conditions is in 
progress. 

One potential limitation on the interpretation of our 
findings is the younger mean age of the normal sub- 
jects. We are not aware of any studies that show an 
effect of age per se on ejection phase indices of 
myocardial contractility. Aortic impedance may 
increase with age and it is thus possible that this 
would further depress the ejection fraction and the 
P/V ratio in the coronary disease group.?? 

In conclusion, this study has evaluated the clinical 
utility of the peak systolic pressure end-systolic vol- 
ume relation in normal subjects and patients with 
coronary artery disease. While neither the P/V ratio 
nor the P/V slope appeared to be significantly better 
than the ejection fraction in the detection of left ven- 
tricular dysfunction resulting from coronary artery 
disease, the P/V ratio may more closely reflect the 
prevailing inotropic state of the left ventricle. Unlike 
both the P/V ratio and the ejection fraction, the P/V 
slope is independent of afterload and may therefore 
have special utility in the evaluation of cardiovascular 
drug effects in man. 
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Systolic closure of aortic valve in patients with 
prosthetic mitral valves 


M ELDAR, M MOTRO, S RATH, N SCHY, H N NEUFELD 
From the Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, Israel 


SUMMARY Systolic closure of the aortic valve was found in 10 of 36 patients who underwent mitral 
valve replacement. Eight patients had early systolic.closure, and two had mid-systolic closure. 

The left ventricular outflow tract dimension on M-mode and two dimensional echocardiograms, 
left ventricular posterior wall and septal thickness, left ventricular dimensions in systole and dias- 
tole, aortic valve opening, and mitral to aortic valve distance were not significantly different between 
patients with and without systolic closure of the aortic valve. Two of the 10 patients with systolic 
aortic valve closure were catheterised and in neither was there a gradient between the left ventricle 
and the aorta. The two patients with mid-systolic closure, however, were the patients who had the 
narrowest left ventricular outflow tract which could cause significant distortion of blood flow. 
Systolic closure of the aortic valve in patients with mitral valve replacement is probably not caused 
by left ventricular outflow tract obstruction, though abnormalities in laminar flow from the left 
ventricular outflow tract may be involved. 


Mid-systolic partial closure of the aortic valve is oneof nine, pure mitral regurgitation in nine, and combined 
the main echocardiographic features of hypertrophic mitral valve disease in 18 patients. In addition, seven 
cardiomyopathy,! ? and has been reported in cases of had aortic regurgitation, four tricuspid regurgitation 
ruptured aneurysm of the right coronary sinus of Val- (for which one had a tricuspid valve replacement), 
salva,* mitral regurgitation,* and ventricular septal ^ and three coronary artery disease, with aortocoronary 
defect.) Early partial systolic closure of the aortic bypass surgery in one patient. 
valve is one of the echocardiographic hallmarks of 
discrete subaortic stenosis,$? and has been described ECHOCARDIOGRAPHY 
in a patient with parachute accessory mitral valve M-mode and two dimensional echocardiograms were 
leaflet.8 recorded using the Aloka model SSD-1105-E 
We have noted the occurrence of early and mid- ^ echocardiograph. M-mode echocardiograms were 
systolic closure of the aortic valve in patients with a obtained with a 2-25 MHz transducer focused at 5 cm, 
mitral valve prosthesis. We report a study of this and two dimensional echocardiograms with a handy 
phenomenon aimed at finding its prevalence, clinical — scanner mechanical sector model ASV-25V, with a 90? 


significance, and aetiology. sector with 5 to 30 c/s. 
Left ventricular posterior wall and interventricular 
Subjects and methods septal thickness, left ventricular systolic and diastolic 


dimensions, and the extent of aortic valve opening 
Thirty-six consecutive patients who underwent mitral were recorded on the M-mode echocardiograms using 
valve replacement six months to 12 years (average 4-7 standard methods.? Two aortic valve cusps (right and 
years) before the start of this study were studied pros- — non-coronary) were clearly recorded in all patients. 
pectively. Twelve were male and 24 female; their ages Early systolic left ventricular outflow tract dimension 
ranged from 15 to 72 years (average 50-4 years). was obtained on the M-mode by measuring the sagit- 
Twenty-three had a Starr-Edwards mitral prosthesis, tal distance between the left side of the interventricu- 
and 13 had a Bjórk-Shiley prosthesis. The reasons for lar septum and the echo of the leading edge of the 
mitral valve replacement were pure mitral stenosis in mitral sewing ring (defined as the first continuous line 

recorded from the prosthesis) at the onset of systole 
Accepted for publication 11 March 1982 (Fig. 1). Early systolic left ventricular outflow tract 
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Fig. 1 A sweep from the aortic root to the left ventricular 
outflow tract. The whole dimension is depicted by the vertical 


broken line. 


dimension was obtained from the two dimensional 
echocardiogram by measuring the minimal distance 
from the left side of the interventricular septum to the 
sewing ring of the prosthesis (Fig. 2). In addition, we 
measured the distance between the aortic valve and 
the leading edge of the prosthetic valve in mid- 
diastole (Fig. 3). 

Early systolic closure of the aortic valve was defined 
as a sharp movement towards the centre of the aorta 
by one or both visible cusps (right and/or non- 
coronary) immediately after the maximal opening of 
the aortic valve. Mid-systolic closure was defined 
using the same criteria in mid-systole. 


CARDIAC CATHETERISATION 

Two patients had undergone left heart catheterisa- 
tion. Resting pressures were recorded by slow with- 
drawal of the catheter from the left ventricular apex 
through the left ventricular cavity to the aorta. The 
angiographic studies included left ventriculography 
and coronary angiography. 


STATISTICS 
The probability value (P) was calculated by Student's 
t test and the Fisher two by two exact probability test. 


Results 


Systolic partial closure of the aortic valve was noted in 
10 patients (group A), who could be divided into two 
subgroups. Group A1: two patients with mid-systolic 
closure of the aortic valve both had Starr-Edwards 
prosthetic valves (Fig. 4). Group A2: eight patients 
with early systolic closure of the aortic valve (Fig. 5) 
of whom four had Starr-Edwards and four had 
Bjérk-Shiley valves. 

The remaining 26 patients had normal opening of 
the aortic valve (group B). There was no statistically 
significant difference between groups A and B regard- 
ing the interventricular septal thickness, left ventricu- 
lar systolic and diastolic dimensions, interventricular 
septum/posterior wall thickness ratio, aortic valve 
opening, the dimensions of the left ventricular 
outflow tract on M-mode and two dimensional 
echocardiograms, and the aortic to mitral valve dis- 
tance on the two dimensional echogram (Table). 

It should be emphasised, however, that the two 
patients with mid-systolic closure of the aortic valve 
(Al) were distinct in having the narrowest left ven- 
tricular outflow tract dimensions on both M-mode 
(0-8 cm and 0-9 cm, respectively) and two dimensional 
echogram (0-5 cm each). In addition, both had a short 
mitral to aortic valve distance (0-5 and 0-9 cm). 

Systolic fluttering of the aortic valve was found in 
nine patients in group A (9096) and 10 patients in 
group B (38:596) (not significant on Fisher's test). 
Two patents, one in group A1 and the other in group 
A2, underwent cardiac catheterisation. No pressure 
gradients were found between the body of the left 
ventricle, left ventricular outflow tract, and the aorta. 
The patient in group A1 was catheterised because of a 
systolic ejection type murmur associated with mid- 
systolic closure of the aortic valve on echocardiogra- 
phy, raising the suspicion of left ventricular outflow 
tract obstruction. The patient in group A2 was 
catheterised because of angina. 


Discussion 


The present study disclosed a high prevalence of sys- 
tolic partial closure of the aortic valve in patients with 
prosthetic mitral valves. To the best of our knowledge 
this phenomenon has not been previously reported. 
The prevalence of systolic closure in patients with the 
Starr-Edwards prosthesis (6/23, 2696) and those with 
the Bjórk-Shiley prosthesis (4/13, 2996) was not statis- 
tically different (p-— 0-05). 

Abnormal systolic closure of the aortic valve, 








though recorded in different clinical situations,* * !? !' 
has been investigated only in the setting of discrete 
subaortic stenosis and hypertrophic obstructive car- 
diomyopathy.' !? The incidence of this phenomenon 
in discrete subaortic stenosis is high,'?'* but its 
mechanism has not been clearly defined. It could be 
caused by the fixed left ventricular outflow tract ob- 
struction creating a jet of turbulent blood that alters 
the normal motion of the aortic valve cusps.’ !^ It 
should be emphasised that the aortic valve motion in 
our patients with early closure differs from that usu- 
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Fig. 2 Two dimensional 
echocardiogram showing the 
sewing ring of the prosthetic 
mitral valve (arrow), the 
interventncular septum (S), and 
aorta (A) in early systole. The 
left ventncular outflow tract 
dimension is depicted by the 
vertical broken line. 


Fig. 3 Two dimensional 
echocardiogram showing the 
prosthetic mural valve (arrow), and 
the aortic valve (A) tn 

mid-diastole. The distance between 
the mitral and aortic valves ts 
depicted by the honzontal broken 


line. 


ally seen in discrete subaortic stenosis. In the latter 
situation the closure is generally abrupt and pro- 
nounced and the cusps remain in this semi-open posi- 
tion throughout systole.* 5 Contrary to this pattern, in 
our patients closure is less distinct and the aortic valve 
cusps reopen and remain in a fully open position until 
end-systole. This difference implies some diversity in 
mechanisms. Our patients differ from patients with 
discrete subaortic stenosis by the lack of left ventricu- 
lar outflow tract obstruction. There were no 
significant differences between groups A and B 






Fig. 4 Mid-systolic closure of the 
© aortic valve (arrow). 
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“> x Fig. 5 Representative echocardiograms of 
— | early systolic closure of the aortic valve (arrows) 
i | in three patients. 
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Table Comparison of echocardiographic variables in patients 
with and without systolic closure of aortic valve 





Systolic closure Normal closure 


(group A) (group B) 

Left ventricular posterior wall 

thickness (cm) 0-98+0-12 0-96+0-09 
Interventricular septal wall 

thickness (cm) 0-91+0-06 0-97+0-09 
Left ventricular systolic 

dimension (cm) 3-46x0-7 3.74x 1.15 
Left ventricular diastolic 

dimension (cm) 5-16+0°5 §-28+ 1-12 
Aortic valve opening (cm) 1-82::0-27 1-73+0-32 
Left ventricular outflow tract 

dimension (M-mode) (cm) 2-32 1-07 2-093 0-53 
Left ventricular outflow tract 

dimension (2 D) (cm) 1-46+0-79 1:74+0-61 
Distance between mitral and 

aortic valves (2 D) (cm) 0-95+0-59 1-02+0-32 





regarding left ventricular outflow tract dimensions at 
the onset of systole on both M-mode and two dimen- 
sional echocardiograms (Table). Moreover, the lack of 
pressure gradient between the left ventricle, left ven- 
tricular outflow tract, and aorta in the patient in 
group A2 further supports our view. One possible 
explanation involves the presence of the prosthesis in 
the left ventricular outflow tract root which might 
cause some anatomical distortion and abnormality of 
the blood flow in this region. Another mechanism 
could be an abrupt tilt of the prosthesis shortly after 
the closure of the poppet, thereby changing the blood 
flow pattern across the aortic valve. 

Two patients (group Al) had mid-systolic closure 
similar to that of hypertrophic obstructive car- 
diomyopathy. The early closure in hypertrophic ob- 
structive cardiomyopathy is postulated to be caused 
by mid-systolic left ventricular outflow tract obstruc- 
tion resulting from the protruding interventricular 
septum on the one hand and the anterior systolic 
motion of the mitral valve on the other.! '5~!7 This 
finding in our patients gave rise to the suspicion of left 
ventricular outflow tract obstruction. Haemodynamic 
studies in one patient, however, disclosed no pressure 
gradient between the left ventricle, left ventricular 
outflow tract, and the aorta. Thus we must conclude 
that left ventricular outflow tract obstruction was not 
instrumental in causing mid-systolic closure in at least 
one of our patients. Nevertheless, the narrow left ven- 
tricular outflow tract combined with the distinctly 
short mitral to aortic valve distance could cause dis- 
tortion of the blood flow in the left ventricular outflow 
tract and hence produce an abnormal motion pattern 
of the aortic valve. In addition, the high incidence of 
fluttering lends support to the hypothesis that 
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prosthetic mitral valves in some way alter the laminar 
left ventricular outflow tract flow pattern. 


Refefences 


1 Chahine RA, Raizner AE, Nelson J, Winters WL Jr, 
Miller RR, Luchi RJ. Mid-systolic closure of aortic valve 
in hypertrophic cardiomyopathy. Echocardiographic and 
angiocardiographic correlation. Am 7 Cardiol 1979; 43: 
17-23. 

2 Gilbert BW, Pollick C, Adelman AG, Wigle ED. Hyper- 
trophic cardiomyopathy: subclassification by M-mode 

- echocardiography. Ám*7 Cardiol 1980; 45: 861-72. 

3 Shah PM, Sylvester LJ. Echocardiography in the diag- 
nosis of hypertrophic obstructive cardiomyopathy. Am F 
Med 1977; 62: 830-5. 

4 Johnson ML, Warren SG, Waugh RA, Kisslo JA, Sabis- 
ton DC, Lester RG. Echocardiography of the aortic valve 
in non-rheumatic left ventricular outflow tract lesions. 
Radiology 1974; 112: 677-84. . 

5 Feigenbaum H. Echocardiography. 2nd ed. Philadelphia: 
Lea & Febiger, 1976: 160-1. E 

6 Ten Cate FT, Van Dorp WG, Hugenholtz PG, Roelandt 
J. Fixed subaortic stenosis. Value of echocardiography 
for diagnosis and differentiation between various types. 
Br Heart F 1979; 41: 159—66. 

7 Davis RH, Feigenbaum H, Chang S, Konecke LL, 
Dillon JC. Echocardiographic manifestations of discrete 
subaortic stenosis. Am 7 Cardiol 1974; 33: 277-80. 

8 Cooperberg P, Hazell S, Ashmore PG. Parachute acces- 
sory anterior mitral valve leaflet causing left ventricular 
outflow tract obstruction. Report of a case with emphasis 
on the echocardiographic findings. Circulation 1976; 53: 
908-11. 

9 Feigenbaum H. Clinical applications of echocardiogra- 
phy. Prog Cardiovasc Dis 1972; 14: 531-8. 

10 Wong P, Cotter L, Gibson DG. Early systolic closure of 
the aortic valve. Br Heart F 1980; 44: 386—9. 

11 Candell-Riera J, del-Castillo HG, Rius J. Aortic root dis- 
section, another cause of early systolic closure of the aor- 
tic valve. Br Heart F 1980; 43: 579-81. 

12 Krajcer Z, Orzan F, Pechacek LW, Garcia E, Leachman 
RD. Early systolic closure of the aortic valve in patients 
with hypertrophic subaortic stenosis and discrete subaor- 
tic stenosis. Correlation with preoperative and postopera- 
tive hemodynamics. Am 7 Cardiol 1978; 41: 823-9. 

13 Krueger SK, French JW, Forker AD, Caudill CC, Popp 
RL. Echocardiography in discrete subaortic stenosis. 
Circulation 1979; 59: 506-13. 

14 Popp RL, Silverman JF, French JW, Stinson EB, Harri- 
son DC. Echocardiographic findings in discrete subval- 
vular aortic stenosis. Circulation 1974; 49: 226-31. 

15 Boughner DR, Schuld RL, Persaud JA. Hypertrophic 
obstructive cardiomyopathy — assessment by echocar- 
diographic and Doppler ultrasound techniques. Br Heart 
F 1975; 37: 917-23. 

16 Boughner DR. Transcutaneous aortic velocity patterns 
and echocardiogram in IHSS. In: White D, Brown RE, 
eds. Ultrasound in medicine. vol. 3A. New York: Plenum, 
1977: 139-47. 

17 Henry WL, Clark CE, Griffith JM, Epstein SE. Mechan- 


Systolic closure of aortic valve in patients with prosthetic mitral valves 53 


ism of left ventricular outflow obstruction in patients Requests for reprints to Dr M Eldar, Heart Institute, 
with obstructive asymetric septal hypertrophy (Chaim Sheba Medical Center, Tel Hashomer 52621, 
(idiopathic hypertrophic subaortic stenosis). Am F Car- — Israe]. 

diol 1975; 35: 337-45. 


' Br Heart F 1982; 48: 54-60 


Morphometric investigations in mitral stenosis using 
two dimensional echocardiography 
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SUMMARY A method is proposed for comparing the orifice size and the morphology of stenotic mitral 
valves, removed intact at the time of replacement, with the preoperative two dimensional echocar- 
diographic cross-sections. The excised mitral valve apparatus is suspended on a specially con- 
structed mounting. To avoid shrinkage the orifice is stabilised with an airfilled balloon. À radio- 
graph is taken directing the x-ray beam perpendicular to the valve orifice. 

In 40 of 51 patients this method provided the means of relating the echocardiographic cross- 
sections to the morphology of the valve. Planimetry of the valve area compared favourably with the 
postoperatively determined orifice size. Agreement was found in 34 of 40 patients in orifice shape 
between preoperative echocardiograms and x-rays of the excised valve. The relation between intra- 
operative estimation of size of the valve, using dilators with known diameters, and the postoperative 
results was less favourable. 

Areas of calcification were identified on echocardiography as dense conglomerate echoes. In 30 
patients (7596) the localisation of calcium deposits and in 6796 the degree of calcification was in 
agreement with the x-rays of the valve taken after operation. 

In addition to determination of the area, two dimensional echocardiography allows detailed 


studies of the stenotic valves, and is of particular importance for planning operative treatment. 


The limitations of M-mode echocardiography in pre- 
dicting the severity of mitral valve stenosis are well 
known.!2 In contrast, with two dimensional echocar- 
diography in short axis planes it is possible to image 
the total circumference of the stenosed valve orifice. 
The valve area can then be calculated by means of 
planimetry. Several studies have correlated those 
measurements with the Gorlin-derived valve area.^ 9 

In addition, Henry et al.? found a close correlation 
between cross-sectional echocardiography and intra- 
operative measurement. In 13 of 14 patients with 
mitral valve disease the orifice area measured from 
two dimensional images was within 0-3 cm? of the 
orifice area measured directly at operation. But in 
these investigations the morphology of the mitral 
valve apparatus, obtained by both methods, had not 
been analysed in detail. 

The purpose of this study was to assess the role of 
cross-sectional echocardiography in predicting the 
area and shape of the orifice as well as the grade and 
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distribution of valve calcifications. Therefore a special 
method for morphometric analysis of stenosed valves 
removed during operation was proposed. 


Subjects and methods 


The study group consisted of 51 consecutive patients 
undergoing operation for mitral valve disease. There 
were 35 women and 16 men whose ages ranged from 
36 to 69 years, mean 52 years. 

Cardiac catheterisation was performed in each 
patient: 18 had pure mitral stenosis, and 33 had clini- 
cal and angiographic evidence of associated mild to | 
moderate mitral regurgitation. 


ECHOCARDIOGRAPHIC METHODS 

All ultrasonic examinations were carried out using a 
commercially available phased array 80° sector scan- 
ner (Varian V3000, Varian Ass. Palo Alto, USA). 
This instrument has been previously described in 
detail. The two dimensional echocardiographic 


 BiveetgaDons were performed using a method similar 


Two dimensional echocardiography in mitral stenosis 


to that described by Henry et al.? The transducer was 
placed in the left parasternal region, usually in the 
third, fourth, or fifth intercostal space. The sector 
scan image was initially orientated parallel to the long 
axis of the left ventricle in order to visualise the 
anterior and posterior mitral leaflets with their chor- 
dal and papillary muscle attachments. The transducer 
was then rotated 90° clockwise to obtain a short axis 
view of the left ventricle. From the transducer posi- 
tion a sweep was performed by slowly angling the 
image plane from the aorta to the apex. Thus the 
stenotic mitral valve orifice, forming the apex of the 
mitral valve funnel, could be directly imaged. Care 
was taken to adjust the instrument to an optimal level 
so that continuous echoes around the circumference 
of the orifice could be recorded. 

The cross-sectional images were recorded on a V? 
inch videotape system for later playback and review 
(Sanyo VTC 3000, Sanyo USA). The illustrations pre- 
sented in this article are 35 mm photographs of single 
frame images from the videotape. 


INTRA- AND POSTOPERATIVE ASSESSMENT 

During operation an estimate of the dimensions of the 
mitral valve orifice was made using Hegar dilators 
with known diameters. The circle area (mr?) was cal- 
culated. 

In patients where valve replacement was thought to 
be necessary the intact mitral valve including the 
chordae and the tips of the papillary muscles was 
excised. The valve was carefully examined by palpa- 
tion and was subsequently suspended on a specially 
constructed holding. To avoid shrinkage the orifice 
was stabilised with an airfilled balloon of known pres- 
sure. The balloon pressure was individually adjusted 
to the rigidity of the valve and did not exceed 25 
mmHg. Then a radiograph was taken, directing the 
x-ray beam perpendicular to the mitral valve orifice. A 
radio-opaque scale was simultaneously filmed for later 
quantification (Fig. 1). 

Thus, the shape and the area of the orifice and the 
amount of calcium around the circumference could be 
judged by a technique similar to cross-sectional 
echocardiography. 


DATA ANALYSIS 

The two dimensional echocardiograms were inter- 
preted in a double-blind fashion and without know- 
ledge of the later radiographic findings of the excised 
mitral valve. 

The orifice area was planimetered during early 
diastole using a commercially available image analyser 
(Echo-comp, Digisonics Inc., Houston, USA). The 
location of the calcium deposits was identified and 
their amount was graded by previously described 
morphological criteria; that is, the extent was deter- 
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Fig. 1 Proposed method for morphometric analysis (schematic 
drawing). The stenotic mitral valve removed intact during 
operation ts placed on a specially constructed mounting. The 
orifice is stabilised with an airfilled balloon of known pressure. 
Then a radiograph is taken, directing the x-ray beam 
perpendicular to the mitral valve orifice. Upper nght part: 
excised mitral valve including a scale after x-ray exposure. The 
mitral valve orifice as well as the calcifications are clearly 
visualised. 


mined by the percentage of the valvular circumfer- 
ence containing the deposits (grade 0 = no 
calcification, grade 1 = < 25%, grade 2 = 25 to 5096, 
grade 3 = 51 to 75%, grade 4 = >75%).8 

Statistical analysis of the mitral valve area was per- 
formed with the paired Student’s t test. The correct 
correspondence in orifice shape and in the localisation 
of calcification was judged at the end of the study by 
the two independent investigators. 


Results 


The results of the correlative two dimensional 
echocardiographic and postoperative evaluation are 
summarised in the Table. Five of 51 patients were 
excluded from the study because of technically inade- 
quate echocardiographic recording. In six further 
patients no pathological specimen was available 
because either open commissurotomy was performed 
or the valve had to be cut into pieces at the time of 
excision. 


VALVE ORIFICE AREA 
Fig. 2 shows the relation between the mitral valve 
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Table Data obtained from 40 patients with mitral stenosis using two dimenstonal echocardtography and direct measurement of valve 





Case Sex Age Mitral valve area Localisation. of Localisation of — 9o/degree of Yldegree of 
No. (y) ——————————— — calium-2DE calcium-po calcification-2DE | calafication-po 
Area-2DE  Área-po —  Área-io 
(cm?) cm?) (em?) 
] F 65 13 14 m AL, PL AL, PL 80% grade 4 80% grade 4 
2 F 60 1-45 1-4 1-35 AL, MC AL 6096 grade 3 7096 grade 3 
3 M 59 37 3-0 — PL PL 1096 grade 1 596 grade 1 
4 M 52 1:6 1-8 — AL, MC AL, MC 2096 grade 1 25% grade 1 
5 M 57 1-8 1-7 2:3 PL, LC AL, LC 2596 grade 1 25% grade 1 
6 F 58 1-6 1-3 — — MC,  AL,PL, MC, LC 9(96 grade 4 90% grade 4 
7 F 61 2-35 2-1 — AL, LC AL, LC 6095 grade 3 60% grade 3 
8 M 55 1-7 1-8 2:3 AL, LC AL 8096 grade 4 60% grade 3 
9 F 55 1-45 1-4 1-15 PL, MC PL, MC 25% grade 1 3596 grade 2 
10 M 56 2-05 1-85 2-25 AL, PL PL, LC, MC 6096 grade 3 6096 grade 3 
11 M 57 1-6 1-6 1-35 AL, MC AL, MC 40% grade 2 50% grade 2 
12 F 59 1-55 1-85 2-25 AL, LC AL, LC 4096 grade 2 2096 grade 1 
13 M 60 2:25 3-1 — PL, MC PL, MC 3096 grade 2 4096 grade 2 
14 F 60 175 1-55 1-75 PL LC 3096 grade 2 2596 grade 1 
15 F 58 1-3 1-4 — PL AL, PL 3096 grade 2 5096 grade 2 
16 F 59 2:6 2-65 — AL, PL, MC AL, PL, MC, LC 8096 grade 4 8096 grade 4 
17 F 52 2°8 2-9 — AL 70% grade 3 70% grade 3 
18 F 63 1-85 2-0 1-55 AL, MC AL, MC 45% grade 2 45% grade 2 
19 F 36 1-25 1-0 — C MC 2096 grade 1 2096 grade 1 
20 M 57 2.75 2-6 — PL, MC, LC MC, LC 50% grade 2 2096 grade 1 
21 F 45 12 1-25 1-15 PL PL 10% grade } 10% grade 1 
22 F 39 2-25 2-2 2:85 AL, MC AL, MC 3096 grade 2 30% grade 2 
23 M 44 1-7 1-85 2-25 PL, MC PL, MC, LC 70% grade 3 40% grade 2 
24 F 4l 1-5 0-95 0-95 AL AL 20% grade 1 2095 grade 1 
25 F 45 1-25 1-0 2:0 MC, LC MC, LC 3096 grade 2 3096 grade 2 
26 F 45 1:0 1-3 1:35 — 20% grade 1 0% grade 0 
27 F 54 1:5 1-35 1:35 5596 grade 3 5596 grade 3 
28 F 49 1:5 1-35 2.25 AL, MC, LC  AL,MC,LC 25% grade 2 50% grade 2 
29 F 46 1:5 1-4 — AL AL 4096 grade 2 20% grade 1 
30 F 49 1-35 1-4 2:0 AL, MC AL 55% grade 3 20% grade 1 
31 F 58 2-8 2-9 — AL, PL AL, PL 80% grade 4 60% grade 3 
32 F 53 22 2-25 — AL, LC AL, LC 6096 grade 3 5096 grade 2 
33 F 52 0-8 0-75 — — MC — MC, 100% grade4 100% grade 4 
34 F 57 2:45 2-8 — PL PL 4096 grade 2 4096 grade 2 
35 M 44 1-5 1-4 — AL, PL, LC AL, PL, LC 70% grade 3 70%, grade 3 
36 F 50 1-5 1:4 — AL, PL, MC, AL, PL, MC, LC 80% grade 4 8096 grade 4 
37 F 41 1-45 1-4 — LC LC 6096 grade 3 6096 grade 3 
38 F 69 0-6 0-6 — AL AL 50% grade 2 50% grade 2 
39 F 56 1-4 1-4 — LC LC 60% grade 3 6096 grade 3 
40 M 52 1-55 1-25 1-55 AL, LC AL, LC 70% grade 3 70% grade 3 





Abbreviations: Area-2DE, -po, -io, mitral valve area, obtained with two dimensional echocardiography, postoperatively, intraoperatively; 
AL, PL, anterior, posterior leaflet; MC, LC, medial, lateral commissure. 


orifice area measured by two dimensional echocar- 
diography and the mitral valve area measured post- 
operatively in 40 patients. The valve areas derived 
from two dimensional short axis views were between 
0-62 and 3-7 cm?, the mean value being 1:74+0-61 
cm. The correlation coefficient between these values 
and the areas obtained postoperatively was extremely 
good (r=0-92). The standard error of estimate was 
below 0:3 cm? and the maximum difference between 
the echo and postmortem estimates in any pair of 
estimates was 0:85 cm?. 

In 19 of 40 patients intraoperative estimates of size 
of the mitral valve using Hegar dilators with known 
diameters was also performed. The relation between 
these measurements and the planimetered orifice 
areas of the excised mitral valves is depicted in Fig. 3. 


The correlation coefficient was 0-63 and the standard 
error of estimate (SEE) was 0-42 cm?. The relation 
between the areas determined by two dimensional 
echocardiography and the values obtained during 
operation was in the same range, the correlation 
coefficient being 0-58 (SEE-— 0-44 cm?). 


VALVE ORIFICE SHAPE: LOCALISATION OF 
CALCIFICATION 
The shape of the stenosed mitral orifice, which was 
analysed in 40 patients, was not uniform but often 
showed bizarre configurations. Representative exam- 
ples obtained by both methods are shown in Fig. 4. 
A precise agreement in orifice shape between 
preoperative two dimensional echocardiograms and 
x-rays of the excised mitral valve was found in 34 
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Fig. 5 Graph showing the correlation of the degree of valve 
calcification determined with two dimensional echocardiography 
with x-ray exposure of the anatomical specimen. A grading 
system 0-4 was used (see text). The shaded areas indicate 
agreement with both methods. The amount of calcific deposits 
was partly overestimated by two dimensional echocardiography 
(clear fields to the right). 


patients (85%). In the remaining six patients the two 
independent investigators judged the echocardio- 
graphic findings as incorrect. 

Areas of calcification were echocardiographically 
identified as dense conglomerate echoes and were 
broadly evident in all 40 patients.. Calcification could 
be morphologically confirmed in 39 of 40 patients. 
The echocardiogram showed the exact localisation of 
these calcium deposits on the anterior and posterior 
mitral leaflet, and on the medial and lateral commis- 
sure in 30 patients (75%) (Table). 


DEGREE OF CALCIFICATION 

Thirty-nine excised mitral valves showed some degree 
of calcification (Table). With application of the pro- 
posed system (grade 0 to 4) agreement with both 
methods was found in 27 of 40 patients (67%). With 
this classification the degree of calcification was over- 
estimated with two dimensional echocardiography in 
12 patients (Fig. 5). But this overestimation was not 
statistically significant. In only 10 patients (25%) was 
the difference in severity of calcification using the two 
methods more than 10% (Table). 


Discussion 
By providing correct spatial orientation cross- 


sectional echocardiography allows an appropriate 
characterisation of the mitral valve. Several studies 


suggest that a reliable non-invasive estimation of the 
severity of valve stenosis is now possible. Taking 
valve orifice area from the two dimensional echocar- 
diogram, a good correlation was shown between both 
intraoperative estimations of size of the orifice and the 
mitral valve area calculated by the Gorlin for- 
mula.? $9 

Using a different approach, we came to similar con- 
clusions with respect to mitral valve orifice area. Our 
proposed method of preparing and imaging the sten- 
otic valve postoperatively provided the means of relat- 
ing the two dimensional echocardiographic findings to 
the morphology of the valve. A true radiographic 
visualisation of the mitral valve orifice itself was poss- 
ible, as with two dimensional cross-section. This 
method was, therefore, independent of catheterisation 
data and of the presence or absence of additional 
mitral regurgitation. 

The correlation in our study was good, the correla- 
tion coefficient being 0-92 with 40 patients. These 
results confirm preliminary studies of Wann et al.5 
who measured the valve area in some pathological 
specimens and also found good accuracy of two 
dimensional echocardiography. To prevent shrinkage 
of the orifice, in this study the pathological specimen 
was fixed to its main diastolic position immediately 
after operation. 

The discrepancies between area measurements with 
both methods (range 0 to 0-85 cm? in our study) are 
caused by technical limitations of the ultrasound 
method. One limiting factor, the varying orifice size 
resulting from different gain settings, has been sys- 
tematically investigated and was carefully taken into 
account in this study.!? Another critical point is the 
proper location of the transducer directly over the 
mitral valve orifice to avoid sloping sections of the 
orifice and therefore overestimation.!9 !! This factor is 
probably responsible for some differences between 
single values of the area obtained with two dimen- 
sional echocardiography in relation to the pathology 
of the valve. 

Another limitation of the method was that during 
x-ray exposure of the excised mitral valve an airfilled 
balloon was inserted to avoid shrinkage of the orifice, 
which may lead to an overextension of the orifice. The 
data, however, do not confirm this difficulty because 
with two dimensional echocardiography there is over- 
estimation rather than underestimation of the valve 
area, It is unlikely that a rigid stenotic mitral valve 
orifice reacts much to low pressure balloon extension. 

The good correlation between the mitral valve area 
shown on cross-sectional scanning and the orifice area 
derived from pathological specimens contrasts, to 
some extent, with the intraoperative measurements. 
Whereas Henry et al.? found an excellent correlation 
between echocardiography and intraoperative estima- 
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tion of size, our correlation coefficient was only 0-53. 
One explanation for these discrepancies is that in 
our study no custom-built estimator of size was used 
for the area measurements. The orifice area was 
instead derived from the largest diameter of the orifice 
obtained during the operation. One further possible 
reason is that in our investigation the valve circumfer- 
ence mostly showed a bizarre configuration, unsuit- 
able even for a specially preformed estimator of size. 

Other investigators also emphasise the methodological 
difficulties inherent in the intraoperative estimation of 
size of stenosed mitral valves.45 Wann et al.5 for 
example had been unable to develop a satisfactory 
method for measuring the mitral valve area during 
operation for comparison with two dimensional 
echocardiography. 

The structural architecture of the mitral valve and 
the presence or absence of calcification, as well as 
pliability of the leaflets, are important factors in 
determining whether a patient with mitral stenosis is a 
candidate for commissurotomy.!?!? Our findings 
indicate that a detailed morphological analysis of the 
mitral valve orifice is echocardiographically possible. 
An exact correspondence in shape was found in 8596 
of patients when correlating the data to the postopera- 
tive radiographic findings. Moreover, in 7596 the 
exact localisation of the calcium deposits.was possible. 
In this regard two dimensional echocardiography in 
long and short axis planes seems to be superior to 
preoperative x-ray examination. With the latter 
method, leaflet calcification may be readily confused 
with annular calcium, which need not necessarily 
affect the mobility of the cusps.!? 

In rheumatic mitral valve disease the thickening 
and calcification of the valve tend to spread from the 
tips towards the base of the leaflets.!^ The tomo- 
graphic short axis cross-sections through the mitral 
valve orifice are therefore suitable for detecting early 
calcification. Abnormally intense and globular echoes 
of the leaflets and commissures were identified as cal- 
cium deposits. A similar echo pattern was described 
by Schwartz etal.!5 doing in vitro studies with 
M-mode echocardiography in calcified and non- 
calcified valves. 

With application of the grading system proposed by 
Lachman and Roberts? the amount of calcium could 
be reliably determined by two dimensional echocar- 
diography. These results confirm earlier studies, per- 
formed with the M-mode technique, which also semi- 
quantified the calcification of mitral leaflets.!6^!3 But 
the exact quantification and localisation of echoes is 
sometimes difficult with the M-mode method. Multi- 
ple echoes generated by heavily calcified valves make 
it impossible to distinguish reliably echoes produced 
by the posterior cusp from those produced by the 
anterior leaflet. 
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Though not statistically significant some overesti- 
mation of the amount of calcium was obtained with 
two dimensional echocardiography. These false posi- 
tive results can be accounted for by extensive fibrosis 
and thickening of cusps which produce a similar echo 
pattern. According to first reports by Rogers et al. !? 
the estimation and differentiation of tissue calcium 
can be further enhanced by digital processing of 
ultrasound signals. The application of this method to 
patients with atherosclerotic coronary arteries leads to 
an improvement of tissue characterisation in compari- 
son with conventional techniques. 

In conclusion, two dimensional echocardiography 
allows detailed morphological studies of stenotic 
mitral valves. The degree of mitral stenosis can be 
reliably determined by means of planimetry. Fur- 
thermore, an assessment of the shape of the valve 
orifice and of the degree and localisation of 
calcification is possible. These non-invasive data are 
of special importance for planning operative treat- 
ment. 
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Evaluation of left ventricular performance during 
supine exercise by transoesophageal M-mode 
echocardiography in normal subjects 
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EIFELD 


From the Department of Cardiology, University Hospital, Hamburg-Eppendorf, West Germany 


SUMMARY In order to evaluate left ventricular function during dynamic exercise transoesophageal 
M-mode recordings of the left ventricle were carried out with a newly developed transducer gastro- 
scope system. Twelve healthy subjects performed a graded supine bicycle exercise test. Stable and 
good quality images of the left ventricle at rest and during exercise at different steps up to a 
maximum workload of 100 watts were obtained in all patients. Isotonic maximum exercise resulted 
in a significant increase in fractional shortening of the left ventricle, peak shortening rate, and peak 
lengthening rate of the left ventricular minor axis. Left ventricular end-diastolic dimension 
decreased significantly. With increasing workload the pressure rate product increased significantly. 
It is concluded that transoesophageal M-mode echocardiography is a useful method of evaluating left 
ventricular performance during dynamic exercise. 


M-mode echocardiography is an accurate and repro- TRANSDUCER GASTROSCOPE SYSTEM 

ducible technique for assessing left ventricular size A 3-5 MHz non-focused Aerotech ultrasound trans- 
and performance at rest in normal sized hearts with- ducer fixed to the tip of a commercially available gas- 
out segmental wall motion abnormalities.!~4 The  troscope with an outer diameter of 7 or 9 mm (Fig. 1) 
technique, however, is severely limited by the was used. The transducer was mounted in a 
difficulty of obtaining high quality echocardiograms 24x14x11 mm? casing with rounded edges for easy 
of the left ventricle during dynamic exercise.?? In swallowing. The tip of the gastroscope could be angu- 
order to overcome this restriction transoesophageal lated in all directions and fixed in a definite position 
left ventricular echocardiograms at rest and during by means of two knobs at the proximal end of the 
dynamic exercise were recorded with a newly  gastroscope (Fig. 1). Thus, a close contact between 


developed transducer gastroscope system. the transducer and the moist surface of the mucosa of 
the oesophageal wall was guaranteed without the need 
Subjects and methods for a coupling agent. 


Twelve healthy volunteer students (seven men, five TRANSOESOPHAGEAL EXAMINATION TECHNIQUE 
women), aged 18 to 23 years, were studied. All hada Because the fibreoptics system of the gastroscope was 
normal cardiovascular history, physical examination, replaced by the transducer cable, the gastroscope had 
and 12 lead electrocardiogram at rest and during max- to be introduced blind. Therefore, before the 
imum exercise. None of the subjects was taking any ultrasound examination, each patient had to have an 
drugs. Informed consent was obtained from them all. x-ray examination of the oesophagus in order to 

exclude a diverticulum of the oesophagus. Subjects 
*Past Research Scholar of the Alexander vom Humboldt Foundation; present WETE fasted and, one hour before the examination, 
address: Division of Cardiology, The First Department of Medicine, Osaka received 0-5 mg atropine sulphate subcutaneously to 

mes ical School, Fukishima-Ku, Osaka 553, : : NE : 

Halvera Medical: 36300 pn —— avoid reflex bradycardia and gagging. The investiga- 
This work d by a research f the "Gesell haft für ti i ] ient i i i- 
This wor c was in part sup pede E eae i sc — was carried out with the patient in a supine posi 
Accepted for publication 1 April 1982 After insertion of the gastroscope to a level of about 
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Fig. 1 The transoesophageal ultrasound gastroscope system. 
The outer diameter of its shaft is 9 mm. The transducer, covered 
with soft plastic material, is incorporated into the nip of the 
gastroscope. Angulanon of the transducer is possible by turning 
AM ET two external knobs. 
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Fig. 2 Transoesophageal M-mode scan from the aorta to the left ventricle at the level of the papillary muscle. Ao, aorta; 


ASLV W, anteroseptal wall of the left ventricle; ECG, electrocardiogram; LA, left atrium; LV, left ventricle; MV, mitral 
valve leaflets; PCG, phonocardiogram; PLVW, posterior wall of the left ventricle. 


Transoesophageal M-mode exercise echocardiography 


40 cm, the aortic root echo could be identified. 
Advancing 1 to 2 cm further and rotating counter 
clockwise permitted recordings of the left ventricle at 
rest and during exercise at the level of the free edges 
of the mitral leaflets (Fig. 2), thus showing the pos- 
terior and the free anteroseptal walls. 

Each subject performed a supine bicycle exercise 
test at workloads of 25, 50, 75, and 100 watts. The 
load was increased stepwise at three minute intervals. 
Left ventricular echocardiograms and blood pressures 
were simultaneously recorded at rest and at the third 
minute of each workload level. 

The transoesophageal echocardiographic examina- 
tion took about 20 minutes for each patient. There 
were no complications. 


ECHOCARDIOGRAPHIC MEASUREMENTS AND 
CALCULATIONS: 
Transoesophageal echoes were recorded on standard. 
echocardiographic equipment at a paper speed of 50 
or 100 mm/s. The recorded echocardiograms were 
digitised and processed, using a previously described 
computerised method. 
Echocardiographic variables of particular interest 
in this study were: 
(a) End-diastolic left ventricular diameter (DD in 
mm), measured at the onset of the R wave. 
(b) End-systolic diameter (DS in mm). The smal- 
lest distance between the posterior and the 
anteroseptal wall of the left ventricle. 
(c) Fractional shortening (FS as %) of the minor 
axis of the left ventricle, calculated according to 
the following formula: 


DD- DS 
DD 


(d) Peak shortening rate (VCE,,,s- ) of the left 
ventricular minor axis: 


FS= x 100 


VCFmax— 5x — 2) T 


(e) Peak lengthening rate (VLRinaxS” D of the left 
ventricular minor axis: 


v e) 
— D dt / max 


In each subject, three successive cardiac cycles at 
rest and at different levels of exercise were analysed 


». and averaged. Statistical analysis was carried out 


using Friedmans's test for examination of the general 
tendency of the data and Wilcoxon's test to analyse 
the step-to-step difference between the control meas- 
urements and those at the different workloads. 

In accordance with recent data by Matsumoto et 
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al.? we found a good correlation between the left ven- 
tricular diastolic dimensions measured by the trans- 
oesophageal approach and the standard transthoracic 
method (r=0-90; standard error of estimate +4-1 
mm). In order to assess the reproducibility of the 
transoesophageal measurements the gastroscope was 
drawn back up to the level of the ascending aorta and 
introduced a second time in order to identify the 
largest left ventricular minor axis in eight subjects 
(Fig. 3, r=0-90; standard error of estimate +2-25 
mm). 


Results 


The mean values of the echocardiographic variables at 
rest and at the different levels of workload are listed in 
the Table for all 12 subjects. Fig. 4 represents typical 
recordings of a normal subject at rest and during exer- 
cise. Results for relevant echocardiographic variables 
are shown in Fig. 5. 

Dynamic exercise resulted in a significant increase 
in heart rate (89+ 13 up to 142+22/min; p« 0-01), sys- 
tolic blood pressure (13259 up to 15513 mmHg; 
p«0-01) and, accordingly, in the pressure rate pro- 
duct (11 800-2100 up to 22 1004840 mmHg/min; 
p<0-01) from rest to the endpoint of exercise. Left 
ventricular end-diastolic dimension decreased 
significantly-from 52+6 mm at rest to 487 mm after 
three minutes of 100 watts (p« 0-01). The decline in 
systolic dimension was even more pronounced, result- 
ing in a steady increase in fractional shortening (362-4 
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Fig. 3 Comparison between transoesophageal 
echocardiographic left ventricular end-diastolic dimension of two 
independent examinations in the same subject (n=8). 
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Table Mean values ( +1 standard deviation) of different echocardiographic variables in 12 normal subjects (Friedman's test 


performed for the analysis of central tendency of sequential data) 


—————————————————O EE — —h —— 


Rest 3' 25W 
Heart rate/min 89+ 13 106 * 13 
Systolic blood pressure (mmHg) 13279 13529 
Pressure rate product (mmHg/minx 10°) 11-8+2-1 14-4+ 2-0 
End-diastolic diameter (mm) 52+6 5$1+7 
End-systolic diameter (mm) 33+6 32+6 
Fractional shortening (%) 3624 38-4 
VCF maxs, 24+ 0-3 217-04 
VL 40-09 4620-9 








3’ SOW 3’ 75W 3’ 100W Fredman 
test 

117*15 131* 19 142+22 p< 0-001 
1407 14 149-15 155-13 p 0-001 
163-28 19.6-4-5 22.1 4.8 p<0-001 
49+6 48-7 48-7 p«0-01 

30-6 28 *6 27-6 p-0-001 
40-5 42-5 44-5 p 0-001 
3:0 0-5 360-9 42-110 p 0-001 
5.20.9 6.112 7.0* 1-7 p<0-001 











VCF max» peak shortening rate of the left ventricle; VLR max» peak lengthening rate of the left ventricle. 
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Fig. 4 This composite figure shows transoesophageal M-mode 


echocardiograms at the stages of rest and during different steps of 
exercise up to a maximum workload of 100 watts. 


up to 44+5%; p<0-01) and in the peak rate of left 
ventricular shortening (2-4+0-3 up to 42-1-0/s; 
p<0-01). This improvement in systolic performance 
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Fig. 5 Graphic display of the mean values ( +1 standard 
deviation) of the different variables at rest and during different 


steps of exercise. (p values refer to Wilcoxon’s test.) 


during exercise was accompanied by a significant 
increase in left ventricular peak lengthening rate 
(4-0+0-9 up to 7-0+1-7/s; p<0-01). 


Transoesophageal M-mode exercise echocardiography 
Discussion 


The main purpose of this study was to document the 
usefulness and the advantages of exercise trans- 
oesophageal echocardiography. Since the first clinical 
application of transoesophageal echocardiography by 
Frazin et al. in 1976,!9 a few studies only have 
appeared on the evaluation of left ventricular fünction 
at rest by the transoesophageal approach. This was 
partly because of the unusual character of the techni- 
que and partly because of problems of transducer con- 
trol.? 11-17 In order to apply the technique further to 
exercise evaluation of left ventricular function, the 
transducer system had to be improved. The incorpo- 
ration of the ultrasound transducer into the tip of a 
gastroscope enabled controlled manipulation.of trans- 
ducer orientation (rotation and angulation) which 
made the recording of left ventricular exercise 
echocardiograms much easier. Published reports of 
exercise echocardiography using the parasternal 
approach? é 18-22 indicate technical problems in 
obtaining adequate tmages. These difficulties are usu- 
ally caused by chest wall movement and by the inter- 
position of lung tissue between the transducer and the 
heart resulting from exercise-induced hyperventila- 
tion. The major advantages of the method described 
in this paper are that, because of the close anatomical 
relation of the oesophagus and heart, respiration and 
chest wall movement do not interfere with left ven- 
tricular imaging. 

Our echocardiographic investigation disclosed a 
progressive decrease in end-systolic dimension during 
dynamic exercise, corresponding to an increase in 
stroke volume. This is in agreement with recent 
angiographic and radionuclide studies.23~25 The con- 
cept that an increase in stroke volume seems to be the 
normal response to dynamic exercise is thus sup- 
ported and is thought to be caused by an increased 
contractility.26728 This is indicated in our results by a 
significant increase in left ventricular fractional shor- 
tening as well as in the peak shortening rate of the left 
ventricular minor axis. The end-diastolic diameter, on 
the other hand, did not increase, so that the Frank- 
Starling mechanism seems to have no influence on the 
improvement of left ventricular systolic performance 
during supine exercise in normal subjects. The reasons 
for the decrease in end-diastolic dimension are prob- 
ably related to a decrease in filling time with increas- 
ing heart rate and to an activation of the sympathetic 
tone, as has already been pointed out.?3 24 26729 

This study shows that high quality trans- 
oesophageal M-mode echocardiograms of the left ven- 
tricle at rest and during dynamic exercise can be 
obtained. The technique has the advantage of being 
non-invasive, repeatable, and inexpensive. It allows 
study of instantaneous events in each cardiac cycle 
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rather than the results in several cycles needing to be 
combined. There is no radiation exposure involved 
and, because of the high resolution of the ultrasound 
technique, the evaluation of cavity dimension and 
wall thickness changes can be assessed more easily 
than with gated blood pool scans or the other techni- 
ques now available. 

Although transoesophageal echocardiography does 
give rise to some discomfort for the patient, and skill 
is required to introduce the ultrasonic probe into the 
oesophagus, the high success rate, good stability, and 
the quality of continuous left ventricular images more 
than make up for the disadvantages. 
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Transoesophageal cross-sectional echocardiography 
with a phased array transducer system 
Technique and initial clinical results 


M SCHLÜTER, B A LANGENSTEIN, J POLSTER, P KREMER, J SOUQUET*, S ENGEL, 


P HANRATH 


From the Department of Cardiology, University Hospital, Hamburg-Eppendorf, West Germany 


SUMMARY Cardiac imaging by transthoracic two dimensional echocardiography is impaired in 
patients with chronic lung disease, those with obesity, and those with abnormal chest wall configura- 
tion. In order to overcome these limitations, a miniature phased array ultrasound transducer fitted to 
the tip of a commercially available gastroscope was developed. Transducer position and orientation 
can be adjusted completely by external control of vertical displacement inside the oesophagus, 
rotation, and angulation. Introduction and operation of the transducer gastroscope system are 
usually well tolerated by the patients, since no mechanical vibrations are generated and there is no 
need for an oil bag to secure oesophageal wall contact. Cardiac images of high quality are obtained 
even from structures and regions that are poorly or not at all imaged from external transducer 


positions. 


Two dimensional echocardiography with its wide field 
of view and high degree of spatial orientation is by 
now a well established technique in the morphological 
and functional evaluation of various cardiac disorders. 
It has frequently been reported, however, ? that the 
main limitation of two dimensional echocardiography 
is the poor image quality obtained in patients with a 
difficult chest configuration, particularly in those with 
obesity, emphysema, and chronic obstructive 
pulmonary disease. Even in normal patients it 1s 
sometimes difficult to obtain two dimensional images 
of diagnostic quality from certain cardiac structures 
(for example the interatrial septum or the cardiac 
apex). 

The recent development of a miniature ultrasonic 
phased array probe for transoesophageal imaging of 
the heart* offers a promising means to circumvent the 
problems of conventional transthoracic two dimen- 
sional echocardiography. 


Subjects and methods 


TRANSOESOPHAGEAL TRANSDUCER ARRAY 

The transducer array for transoesophageal applica- 
EIU address: Advanced Technology Laboratories, Bellevue, Washington, 
USA. 
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tions consists of 32 linearly arranged elements with a 
centre frequency of 3-5 MHz, corresponding to a 
wavelength of 0-43 mm. The total aperture of the 
array is approximately 9 mm, and a 90° sector for real 
time imaging is obtained by appropriate phasing of 
the single elements.5 © For the contacting surface of 
the transducer system a spherical acoustic lens was 
chosen, which gives a depth of field from 2 to 10 cm in 
front of the array. 

The transducer system is embedded in soft plastic 
material with carefully rounded edges to avoid dam- 
age to the oesophagus, and it is fitted to the distal end 
of a commercially available gastroscope (Fig. 1). The 
only rigid part of this new ultrasonic endoscope is 
represented by the outer dimensions of the transducer 
array: 35 mm long, 15 mm wide, and 16 mm thick. 

Rotation of the gastroscope and transducer angula- 
tion is feasible by external control, thus yielding a 
high degree of freedom for transducer manipulation. 
In order to operate the transoesophageal phased array 
scanner, it was connected to a Varian 3400 or 3400R 
ultrasonic system. All studies were recorded in real 
time on one-inch videotape. 


EXAMINATION TECHNIQUE 
The system was evaluated in 26 patients (12 women, 
14 men), ranging In age from 22 to 72 years. In order 
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a 

Fig. 1 (a) The ultrasonic endoscope. A mmature phased array 
transducer 1s fixed at the flexible np of a commercially available 
gastroscope. Transducer orientation can be adjusted by the 
external control unit at the proximal end of the gastroscope. ( b) 
Photomontage showing transducer angulation in two orthogonal 
planes. 


to rule out a diverticulum of the oesophagus, all 
patients had a barium swallow beforehand. Written 
informed consent was obtained from each patient. 

Patients were fasted for about eight hours and were 
given 0-5 mg atropine sulphate one hour before the 
investigation in order to avoid bradycardia and hyper- 
salivation. Immediately before the gastroscope was 
inserted the patients were given 10 mg diazepam 
intravenously. The transoesophageal study was then 
performed with the patient supine. Apart from slight 
gagging no complications were encountered, as the 
patients usually swallowed the ultrasonic gastroscope 
as easily as they would a normal endoscopic fibre- 
scope. Cardiac images of high quality were observed 
when the transducer array was inserted to a level of 
about 40 cm. 


Results 


The first cardiac structure that is readily identified 
with the gastroscope is the aortic root which is shown 
in the diastolic frame of Fig. 2. All three cusps are 
visible, and part of the left ventricular outflow tract as 
well as the right ventricular outflow tract are clearly 
outlined. A slight counterclockwise rotation of the 
gastroscope shows the mitral valve with both leaflets, 
left atrium and ventricle, and the interventricular 
septum (Fig. 3). Further descent of the gastroscope 
allows the left ventricle to be seen in several cross- 
sectional views at different levels of the left ventricu- 








27/6 
Fig. 2 Stopframe image of transoesophageal cross-sectional 
echocardiogram at the level of the aortic root during isovolumic 
contraction. The three cusps are clearly visible, as well as the 
right ventricular outflow tract (RVOT ) and part of the left 
ventricular outflow tract. 


Transoesophageal 2D echo 






15/23 
Fig. 3 Systolic stopframe image of transoesophageal 
cross-sectional echocardiogram at the level of the mitral leaflets. 
Note the proximity of the left atnum (LA) to the ultrasonic 
transducer at the sector apex, while the left ventricle (LV) and 
part of the right ventricle (RV) are imaged below the left atrium. 


Fig. 5 Transoesophageal short axis cross-sectional view of the 
left ventricle at the level of the cardiac apex. 


lar long axis, for example at the level of the papillary 
muscles (Fig. 4) or at the cardiac apex (Fig. 5). With a 
non-dilated left ventricle both ventricles can usually 
be viewed within the 90° sector (Fig. 6), thus making 
it possible to differentiate the right side of the heart by 
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Fig. 4 Transoesophageal short axis cross-sectional view of the 
left ventricle at the level of the papillary muscles. aPM , anterior 
papillary muscle; pP M, posterior papillary muscle. 
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Fig.6 Transoesophageal cross-sectional view of both ventricles 
within the 90° sector scan. 


peripheral venous injection of an ultrasonic contrast 
agent such as agitated saline (Fig. 7). 

By clockwise rotation of the gastroscope at the 
atrioventricular junction the left and right atrium and 
the tricuspid valve are identified (Fig. 8). In contrast 
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Fig. 7 Same echocardiographic view and same patient as 
shown in Fig. 6. Because of a peripheral venous injection of 
agitated saline dense echo contrast appears in the right ventricle. 






Fig. 8 Stopframe of transoesophageal cross-sectional 
echocardiogram at the level of the atrioventricular junction. Both 
atria and the interatnal septum are clearly outlined, The 
cross-sectional plane dissects the left atrium (LA) cramally 
making its area appear smaller than that of the nght atnum 
(RA). TrV, tricuspid valve. 
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Fig. 10 Two-dimensional transoesophageal echocardwographic 
Fig. 9 Transoesophageal cross-sectional view of the nght side image from a patient unth mitral valve prolapse. The 
of the heart in a patient with an ostium secundum type atnal cross-sectional plane 1s shown at the level of the atrioventricular 
septal defect. The arrow in the lower panel shows the location junction. Note the pronounced late systolic bulging of the anterior 
and the diameter of the defect. mitral leaflet into the left atrium, as compared unth the normal 


closing position of the mitral leaflets in Fig. 3. 


Transoesophageal 2D echo 


to the transthoracic approach, the interatrial septum 
is imaged in total without echo drop-outs. This is 
because the ultrasonic beams hit the interatrial sep- 
tum nearly perpendicularly from an oesophageal 
transducer position. 

Thus, atrial septal defects can be detected with high 
diagnostic accuracy, as is the case in the ostium sec- 
undum type lesion seen in Fig. 9, where the loss of 
ultrasonic reflection (arrow in lower panel) corre- 
sponds to the location of the defect. Another example 
of the clinical usefulness of transoesophageal cross- 
sectional echocardiography is the diagnosis of a mitral 
valve prolapse, exemplified on the systolic frame of 
Fig. 10. The abnormal arching of the anterior mitral 
leaflet into the left atrium 1s clearly documented. 


Discussion 


Transoesophageal studies with the aim of assessing 
cardiac function were first reported in 1971 by Side 
and Gosling’? who performed Doppler velocity meas- 
urements in the thoracic aorta. Five years later, Fra- 
zin et al. presented transoesophageal M-mode record- 
ings with a single element transducer connected to the 
ultrasound machine by a cable only, which therefore 
severely restricted ultrasonic beam orientation. 
Recently, Hisanaga et al.? introduced a high speed 
rotating ultrasound scanner to obtain cross-sectional 
cardiac images without hindrance from ribs, sternum, 
or lung tissue. The transducer housing of this system 
is enclosed in an inflatable oil bag to secure contact 
with the oesophageal wall, and it is fixed to the tip of a 
gastroscope-like shaft that offers no means for con- 
trolled manipulation of beam direction. Apart from 
this disadvantage, the oil bag and the mechanical 
vibrations of the rotating transducer are liable to cause 
discomfort to the patient. 

These limitations are not present in our system. 
The 90? sector is generated by electronic beam steer- 
ing and there is no need for an oil bag, since 
oesophageal contact can easily be accomplished by 
transducer angulation. The attachment of a single 
element transducer to a normal gastroscope with 
complete external control of oesophageal transducer 
orientation has already given promising results in 
M-mode exercise studies!? and pulsed Doppler inves- 
tigations.!! Replacing the single element transducer 
by a phased array system without a significant 
increase of gastroscope or transducer dimensions 
offers new possibilities in cross-sectional cardiac imag- 
ing, particularly in cases where transthoracic echocar- 
diography is difficult. 

À sector angle of 180? as in Hisanaga's system can- 
not be produced by the phased array system, yet the 
line density within the 90? sector is obviously higher, 
and all cardiac structures can be imaged by rotation of 
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the gastroscope and proper angulation of the cross- 
sectional plane. Moreover, introduction and operation 
of the phased array endoscope cause no discomfort. 

In order to obtain satisfactory results with this 
technique we feel that about two months of gastros- 
copic practice are necessary, as the success rate very 
much depends on the skill of the investigator. In the 
past 15 months, we were able to introduce the gastro- 
scope in 84 out of 103 patients scheduled for one- or 
two-dimensional transoesophageal echocardiography. 
The failure rate of 1896 is the result of extremely 
adverse reactions of some patients to the gastroscopic 
procedure. In all the other patients, once the trans- 
ducer gastroscope was swallowed the two dimensional 
images were always clear. There were no patients with 
abnormally large left atria compressing the 
oesophagus, and so the introduction of the gastro- 
scope never caused mechanical irritation of the left 
atrium. 

Transoesophageal cross-sectional echocardiography 
with a phased array transducer system appears to be 
of high diagnostic potential in a wide field of clinical 
applications. Because of the close anatomical relation 
of the oesophagus and the heart, an improved mor- 
phological diagnosis of atrial thrombi, atrial septal 
defects, mitral valve prolapse, bicuspid aortic valve, 
or lesions of the tricuspid valve is expected. It will also 
be possible to detect contraction abnormalities in 
apical regions of the heart. 

Intraoperative monitoring of cardiac function as 
well as the detection of air-containing microbubbles in 
the cardiac chambers during myocardial reperfusion 
after open heart surgery are obvious applications of 
this new technique, now under study in our labora- 
tory. 
Future developments comprise the implementation 
of two orthogonal arrays or a rotatable array for 
improved ultrasonic assessment of left ventricular 
morphology as well as the integration of a fibreoptics 
system into the ultrasonic endoscope. This will enable 
visual control of oesophageal transducer position and 
orientation, thus making the system suitable for 
abdominal applications as well. This new echocar- 
diographic technique is non-invasive in the sense that 
blood vessel walls remain intact and no surgery is 
required, though it is admittedly less pleasant than 
conventional transthoracic echocardiography. In our 
experience with more than 80 patients who have 
undergone transoesophageal one- or two-dimensional 
echocardiography, there is no risk to the patient. 


This work was supported by a grant of the Bundes- 
ministerium für Forschung und Technologie. 
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Anomalous connection of left atrial appendage with 
persistent left superior vena cava 


L M GERLIS,* J B PARTRIDGE, GI FIDDLER 


From the Departments of Pathology, Radiology, and Paediatric Cardiology, Killingbeck Hospital, Leeds 


SUMMARY An unusual connection of the left atrial appendage with a persistent left superior vena 
cava was demonstrated at angiography in a child with a ventricular septal defect, aortic valve 
stenosis, and aortic isthmus stenosis; this was later confirmed at necropsy. No previous reports of 


this anomaly have been found. 


The left sided superior vena cava disappears at a late 
stage both in phylogenetic and embryonic human 
development and its persistence is a common finding, 
especially in association with other congenital car- 
diovascular malformations and it almost invariably 
drains into the coronary sinus and thence into the 
right atrium. Occasionally a left sided superior vena 
cava opens into the left atrium. In the case now 
reported the anomalous vein entered the coronary 
sinus and also communicated with the appendage of 
the left atrium, which was unconnected with the main 
left atrial cavity. 


*LMG is supported by the National Heart Research Fund 





Fig. 1 Left superior vena cava angiogram from a 
posteroantenor projection. LSVC, left superior vena cava; LAA, 
left atrial appendage; CS, coronary sinus. 
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Case report 


This male infant was delivered by caesarean section 
from a 32-year-old mother suffering from toxaemia of 
pregnancy, because of fetal distress as shown by 
tachycardia. Severe hypoglycaemia (1:2 mmol/l). was 
present at birth and was treated, and a cardiac mur- 
mur was noted. At the age of 1 week there was persis- 
tent tachycardia and episodes of central cyanosis were 
becoming increasingly frequent; the child was then 
referred to Killingbeck Hospital in cardiac failure. 

The clinical, electrocardiographic, radiological, and 
echocardiographic findings suggested severe aortic 
valve stenosis. An angiocardiogram on admission 
showed a left superior vena cava draining into the 
coronary sinus and into the right atrium. However. 
and most unusually, just as it crossed the heart bor- 
der, contrast escaped from it to fill part of a contract- 
ing atrium, presumably the left atrial appendage. Aor- 
tograms showed isthmus stenosis, between the left 
subclavian artery origin and the ductus bump, to 
about half of the normal diameter. The aortic valve 
was visualised and showed doming consistent with 
stenosis. At 3 weeks of age an open aortic valvotomy 
was performed using cardiopulmonary bypass and 
hypothermia; the heart, however, would not sustain 
the circulation on repeated attempts to come off 
bypass. 

Necropsy showed no abnormalities apart from 
those of the cardiovascular system. The heart was of 
normal size and shape. The right atrium was of nor- 
mal solitus configuration and received the normal 
right superior vena cava, the inferior vena cava. and a 
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dilated coronary sinus, 3 mm in diameter. This coro- 
nary sinus continued into a persistent left superior 
vena cava which received the left jugular and subcla- 
vian veins; the innominate vein was not shown. 

At the junction with the coronary sinus the left 
superior vena cava communicated through a 1 mm 
diameter opening, with a 15 mm long, 7 mm wide 
structure, which had the typical "glove-finger" shape 
and thin trabeculated wall of a solitus left atrial 
appendage, but there was no communication between 
this and the main left atrial cavity. The pulmonary 
veins were normal and the left atrium was normal 
apart from the appendicular anomaly. There was 
slight dysplasia of the medial portion of the tricuspid 
valve; the atrioventricular valves were otherwise nor- 
mal. 

The ventricles were of normal configuration and 
equal cavity size and wall thickness; they communi- 
cated through a high subcristal septal defect, 3 mm in 
diameter, which was immediately below the aortic 
valve and was partly occluded by the nodular thick- 
ened dysplastic portion of the right atrioventricular 
valve. 

The great arteries arose in normal relation from the 
appropriate ventricles. The pulmonary valve was of 
normal size, but bicuspid. The aortic valve had been 
surgically split; it was thickened and nodular and no 
clear cusp demarcation was evident. 

The ascending aorta was 4 mm in diameter, the 
arch was to the left, and there was pronounced pre- 
ductal isthmus stenosis to 1-5 mm diameter. The aor- 
tic branches were normal. 





Fig. 2 The upper portion of the heart viewed from behind. 
LSVC, left superior vena cava; LAA, left atnal appendage 
(opened); CS, coronary sinus (opened); LA, left atrium 
(opened); RA nght atrium. 
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Fig. 3 Diagram of the atria and great veins. AZ, azygos vein; 
IVC, inferior vena cava. Other abbreviations as in Fig. 2. 


Discussion 


It is difficult to explain this anomaly in terms of 
embryological maldevelopment. The atrial appendages 
are derived from the primitive atrial chamber; the 
absorption of the sinus venosus into the right side of 
the primitive atrium brings the right atrial appendage 
into a position adjacent to the opening of the right 
superior vena cava, which is derived largely from the 
right lateral extension of the sinus venosus, the 
Cuvierian duct. The coronary sinus and, when pres- 
ent, the persistent left superior vena cava opening into 
it, are derived from the left Cuvierian duct and as the 
mouth of the coronary sinus opens into part of the 
primitive atrium it is conceivable that there could be 
circumstances of abnormal growth in which the left 
atrial appendage could be displaced to that position. 
In the case here described, however, the left atrial 
appendage joins the distal part of the coronary sinus at 
some distance from the right atrial opening and fur- 
thermore it has no communication with the otherwise 
normal left atrium. As a primary malposition appears 
to be unlikely it is possible that the anomaly repres- 
ents a discontinuity between the left atrium and its 
appendage and that the communication between the 
appendage and the left sided vena caval-coronary 
sinus junction represents an expanded vein. 


We are grateful to Dr O Scott, Dr J B Lynch, and 
Mr D R Walker for permission to publish details of 
this case. 
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Slowing of paroxysmal tachycardia with loss of 
functional bundle-branch block 


ROBERT A BAUERNFEIND, BORIS STRASBERG, KENNETH M ROSENT 


From the Section of Cardiology, Department of Medicine, Abraham Lincoln School of Medicine, University of Illinois 
College of Medicine, Chicago, Illinois, USA 


SUMMARY Electrophysiological studies in a patient with paroxysmal supraventricular tachycardia 
disclosed anterograde dual atrioventricular nodal pathways, and a concealed left-sided anomalous 
atrioventricular pathway which was used as the retrograde limb of two circus movement tachycar- 
dias. Tachycardia No.1, reflecting anterograde fast pathway conduction, was characterised by func- 
tional left bundle-branch block and a stable cycle length of 330 ms. Paroxysmal loss of bundle- 
branch block resulted in tachycardia No.2, which reflected anterograde slow.pathway conduction, 
and was characterised by narrow QRS and a stable cycle length of 355 ms. Tachycardia No.2 had a 
longer cycle length than tachycardia No.1 because the increment in AH interval (slow pathway 
instead of fast pathway conduction) more than compensated for the decrement in ventriculoatrial 
interval (narrow QRS instead of bundle-branch block). 


The mechanism of paroxysmal supraventricular valve prolapse and recurrent paroxysmal supraven- 
tachycardia can usually be elucidated by detailed car- tricular tachycardia. After informed written consent 
diac electrophysiological studies.! An important diag- was obtained, an electrophysiological study was per- 
nostic clue is frequently provided by paroxysmal loss formed, using standard techniques and definitions.! 
of functional bundle-branch block during induced ^ Recordings during sinus rhythm (rate 67 beats/min) 
supraventricular tachycardia. When the loss of disclosed a short AH interval (41 ms, normal 54 to 
bundle-branch block results in a decrement in ven- — 130) and normal PA and HV intervals (36 and 52 ms, 
triculoatrial interval, a diagnosis of atrioventricular respectively). Atrial pacing from multiple sites failed 
re-efitry using an anomalous atrioventricular pathway to show evidence of ventricular pre-excitation. 
ipsilateral to the blocked bundle-branch is strongly Extrastimulus testing from the high right atrium 
suggested.? The decrement in ventriculoatrial interval (driven cycle length 500 ms) showed discontinuous 
is usually reflected by a decrement in the cycle length — A,-A,, A,-H, and A,-A,, H,-H, conduction curves, 
of tachycardia.? The decrement in cycle length, how- suggesting the presence of anterograde dual (fast and 
ever, may be relatively small, becausean incrementin slow) atrioventricular nodal pathways.* The fast 
AH interval may partially compensate for the decre- pathway was characterised by A,-H, intervals of 60 to 
ment in ventriculoatrial interval.? 100 ms and an effective refractory period of 380 ms, 
We report a patient in whom paroxysmal loss of | whereas the slow pathway was characterised by A,-H, 
functional bundle-branch block during induced sup- intervals of 165 to 260 ms and an effective refractory 
raventricular tachycardia resulted in an increment in period of 270 ms. Extrastimuli which conducted over 
cycle length of tachycardia. The mechanism of this the slow pathway with an A,-H, interval of 210 ms or 


unusual observation is discussed. longer resulted in induction of tachycardia No.2 (see 
below). 
Case report Incremental pacing from the high atrium at rates of 


The patient was a 33-year-old woman with mitral 100 to 130 beats/min disclosed AH intervals of 60 to 

90 ms. At an atrial paced rate of 140 beats/min, two 

Supported in part by a NHLBI Institutional Training grant, and research grants. — gets of stable AH intervals (100 to 220 ms) were 

[Dr Rosen died after the paper was accepted. observed, again suggesting the presence of antero- 
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grade dual atrioventricular nodal pathways. At atrial 
paced rates of 150 to 170 beats/min, AH intervals 
were 220 to 270 ms. Termination of atrial pacing dur- 
ing conduction over the slow pathway resulted in 
induction of tachycardia No.2 (see below). 

Ventricular incremental pacing, at rates of 100 to 
240 beats/min, showed intact ventriculoatrial conduc- 
tion with a fixed ventriculoatrial conduction time and 
an eccentric sequence of retrograde atrial activation 
(left atrium depolarised first). These findings sug- 
gested the presence of a concealed left-sided anomal- 
ous atrioventricular pathway.! Termination of ven- 
tricular pacing at a rate of 240 beats/min resulted in 
induction of tachycardia No.1 (see below). 


INDUCED SUPRAVENTRICULAR TACHYCARDIAS 

Two distinct tachycardias were induced by program- 
med stimulation. Tachycardia No.2 (induced many 
times by atrial stimulation) was always characterised 
by narrow QRS complexes and a stable cycle length of 
355 ms. During this tachycardia, the sequence of 
atrial activation was eccentric (distal coronary sinus, 
proximal coronary sinus, high right atrial, and low 
septal right atrial electrograms followed the onset of 
QRS complexes by 85, 105, 150, and 175 ms, respec- 
tively, and the atria could be reset by ventricular 
extrastimuli introduced when the His bundle was 
being depolarised anterogradely, suggesting that this 
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tachycardia reflected a circus movement using the 
anomalous pathway as the retrograde limb.! The AH 
interval was relatively long (130 ms), suggesting that 
the anterograde limb of the circus movement was the 
slow atrioventricular nodal pathway (see Discussion). 

Tachycardia No.1 (induced only once, by ventricu- 
lar pacing) was characterised by functional left 
bundle-branch block and:a stable cycle length of 330 
ms. The sequence of atrial activation during this 
tachycardia was identical to the sequence observed 
during tachycardia No.2, suggesting that tachycardia 
No.1 also reflected a circus movement which used the 
anomalous pathway as the retrograde limb. During 
this tachycardia, the AH interval was very short (30 
ms), suggesting that the anterograde limb of the cir- 
cus movement was the fast atrioventricular nodal 
pathway (see Discussion). 

During tachycardia No.1] paroxysmal loss of func- 
tional left bundle-branch block resulted in tachycar- 
dia No.2 (Fig.). This loss of bundle-branch block 
caused shortening of the intervals from onset of QRS 
complexes to each of the atrial electrograms by 75 ms 
(from 160 to 85 ms for the distal coronary sinus elec- 
trogram). The cycle length of tachycardia, however, 
did not shorten but lengthened by 25 ms. The leng- 
thening of the tachycardia cycle length reflected an 
increment in AH interval of 100 ms (from 30 to 130 
ms) which more than compensated for the decrement 
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Fig. Paroxysmal loss of functional left bundle-branch block during atrioventricular re-entrant tachycardia. 
Electrocardiographic leads I and VI, as well as high right atrial (HRA), His bundle (HBE), and distal coronary 
sinus (DCS) electrograms, are shown. AH intervals are shown below HBE. Time lines (bottom) are at 200 ms 
intervals. The first four beats of re-entrant tachycardia are conducted with left bundle-branch block and have cycle 
length (CL) 330 ms. Note that the sequence of retrograde atrial activation is eccentric, proceeding from DCS to 
HRA and then to the low septal right atrium (HBE), and that the AH interval is 30 ms (fast atrioventricular nodal 
pathway conduction). At the fifth beat there is sudden loss of left bundle-branch block, resulting in shortening of the 
ventriculoatrial interval. The tachycardia continues, with the last five beats of paroxysmal supraventricular 
tachycardia being conducted normally and having CL 355 ms. Note that the sequence of retrograde atrial activation 
is unchanged, but that the AH interval is 130 ms (slow atrioventricular nodal pathway conduction). 


Slowing of paroxysmal tachycardia 


in ventriculoatrial interval. The HV interval was 50 
ms during each of the tachycardias. 


Discussion 


Occasional patients have dual atrioventricular path- 
ways coexisting with anomalous atrioventricular 
pathways.5 These patients have the potential for sev- 
eral distinct circus movement tachycardias.5® Our 
patient bad anterograde dual atrioventricular nodal 
pathways, and a concealed left-sided anomalous 
atrioventricular pathway which was used as the 
retrograde limb of two circus movements. One circus 
movement used the slow atrioventricular nodal path- 
way (AH intervals of 130 ms) as the anterograde limb, 
and was conducted with normal QRS complexes. The 
other circus movement used the fast atrioventricular 
nodal pathway (AH intervals of 30 ms) as the antero- 
grade limb, and was conducted with left bundle- 
branch block. Fast and slow pathway AH intervals 
were shorter during these circus movements than dur- 
ing high right atrial pacing. This probably reflected 
the fact that during these circus movements input to 
the atrioventricular node was from the left atrium, as 
AH intervals are significantly shorter during coronary 
sinus pacing than during high right pacing at equival- 
ent rates.’ 

Our patient presented an almost unique finding. 
During induced atrioventricular re-entrant tachycar- 
dia, paroxysmal loss of functional bundle-branch 
block resulted in sudden lengthening of the cycle 
length of tachycardia. The explanation for this finding 
is as follows. When the functional bundle-branch 
block was lost, the ventriculoatrial interval shortened, 
resulting in early atrial depolarisation and early 
anterograde input into the atrioventricular node. This 
early input found the fast atrioventricular nodal 
pathway refractory, and conducted anterogradely 
over the slow atrioventricular nodal pathway. Subse- 
quent beats of the narrow QRS tachycardia also con- 
ducted over the slow pathway, probably because of 
retrograde concealment into the fast pathway. The 
cycle length of tachycardia increased because the 
increment in AH interval (slow pathway instead of 
fast pathway conduction) more than compensated for 
the decrement in ventriculoatrial interval (narrow 
QRS instead of left bundle-branch block). 

We are aware of only one patient similar to ours. 
Akhtar and co-workers? reported a patient with 
induced atrioventricular re-entrant tachycardia, dur- 
ing which loss of functional right bundle-branch 
block resulted in a 20 ms increase in cycle length of 
tachycardia, because the AH interval increased by 65 
ms whereas the ventriculoatrial interval decreased by 
only 45 ms. An explanation for this observation was 
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not given. We suspect that their patient had antero- 
grade dual atrioventricular nodal pathways, which 
were not shown during atrial extrastimulus testing 
because the fast pathway effective refractory period 
was shorter than the atrial functional refractory period 
at the cycle length employed. 

Our observations provide an additional surface 
electrocardiographic clue to the diagnosis of a specific 
mechanism of paroxysmal supraventricular tachycar- 
dia. Slowing of tachycardia with loss of functional 
bundle-branch block (or speeding of tachycardia with 
the occurrence of functional bundle-branch block) 
suggests the possibility of anterograde dual atrioven- 
tricular nodal pathways coexisting with an anomalous 
atrioventricular pathway ipsilateral to the site of func- 
tional bundle-branch block. 
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Presystolic mitral closure sound in aortic regurgitation 


with left ventricular hypertrophy and first degree heart 
block 


THOMAS A TRAILL, NICHOLAS J FORTUIN 
From Johns Hopkins University, School of Medicine, Division of Cardiology, Baltimore, Maryland, USA 


SUMMARY We report a patient who developed aortic regurgitation and first degree atrioventricular 
block caused by infective endocarditis complicating aortic valve stenosis. There was premature 
closure of the mitral valve and, in the absence of an Austin Flint murmur, a simultaneous high 
frequency sound was audible which we regard as a presystolic first heart sound. That such a sound 
may be associated with valve closure, even though this precedes electrical and mechanical ventricu- 
lar systole, provides further support for the valvular origin of the first heart sound. 


It is generally taught that the two components of the developed anorexia, weight loss, nocturnal dyspnoea, 
first heart sound are the result of closure of the mitral and night sweats. The night before admission he 
and tricuspid valves. An alternative mechanism has — experienced abrupt onset of right sided weakness and 
been proposed, however, which relates the audible difficulty with speech. 

sounds to left ventricular myocardial contraction and There were signs of recent weight loss, a fever, and 
the onset of ejection.! Because the events in question mild right sided spastic paresis. There were no 
usually occur within a short time of one another, peripheral stigmata of infective endocarditis. The 
neither hypothesis has received conclusive support,so heart rate was 84 per minute and blood pressure 110/ 
that circumstances in which atrioventricular valve 60 mmHg. Peripheral pulses were of small volume 
closure is dissociated from the onset of ventricular and there was a carotid thrill. There were no signs of 
systole might provide an opportunity to distinguish — fluid retention. The cardiac impulse was felt in the 
these possibilities. In cases of aortic regurgitation the sixth interspace at the anterior axillary line and was 
left ventricular diastolic pressure may exceed the left sustained. On auscultation both first and second 
atrial pressure so that the mitral valve closes before heart sounds were soft. A loud ejection systolic mur- 
the onset of contraction. In such patients the sound mur was heard at the base, and there was a soft early 
which follows the QRS is soft, but a distinct prema- diastolic murmur. There were two added sounds in 
ture mitral valve closing sound is not usually heard. diastole. The first of these was soft and of low 
We report a patient who had left ventricular hyper- frequency; this was followed by a second, louder, and 
trophy, first degree atrioventricular block, and aortic of high frequency. 


regurgitation, in whom premature mitral valve clos- The electrocardiogram showed sinus rhythm with 
ure was associated with an audible diastolic heart — first degree atrioventricular block and left ventricular 
sound. hypertrophy. The echocardiogram showed severe left 

ventricular hypertrophy with reduced end-systolic 
Case report and end-diastolic dimensions. There was premature 


closure of the mitral valve. Simultaneous recording of 
A 78-year-old black man was admitted for investiga- the apexcardiogram, phonocardiogram, and echocar- 
tion of a cerebrovascular accident. Two years previ- diogram (Fig.) indicated that of the two added sounds 
ously he had developed shortness of breath and angina in diastole, the first low frequency sound coincided 
pectoris, and was found to have aortic valve stenosis. with a combined rapid filling wave and a-wave of the 
He was treated with digoxin and diuretics which apical impulse, and thus represented a summation 
improved his symptoms. Two months before the pres- sound. The second high frequency one coincided with 
ent admission he began to feel generally unwell and — presystolic mitral valve closure. 
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Blood cultures grew Strep. viridans and the patient 
was treated with a course of parenteral penicillin and 
gentamicin. His neurological changes improved and 
he was discharged after six weeks, taking digoxin and 
hydrochlorothiazide. 


Discussion 


The subject of the present report had left ventricular 
hypertrophy and first degree atrioventricular block 
together with aortic regurgitation which was of recent 
onset but not severe. The echocardiogram shows 
complete mid-diastolic closure of the mitral valve, 
which was accompanied by an easily audible high fre- 
quency sound. This followed by some 200 ms a low 
frequency sound which, from its relation to the com- 
bined rapid filling wave and a-wave of the apexcar- 
diogram, we take to be a summation sound. Both the 
timing of these sounds, and their relative frequencies, 
make us conclude that the second is a true mitral 
closure sound and thus represents a presystolic “first 
heart sound". Following the onset of the QRS by 45 
ms there occurred a further high frequency sound, 
which was not split, and which preceded the onset of 
ejection as evidenced by the carotid upstroke. This we 
take to represent the second component of the first 
heart sound, and presumably corresponds to tricuspid 
valve closure. 

Premature closure of the mitral valve and the loud 
sound which accompanied it were probably the result 
of a combination of factors. In patients with acute or 
severe aortic regurgitation the mitral valve frequently 
closes before the onset of left ventricular systole. This 
was at first inferred from the observation of diastolic 
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Fig. Simultaneous 

recording of 
phonocardiogram, 
echocardiogram, 
apexcardiogram, and 
electrocardiogram. 
Following the P wave (P) 
a combined rapid filling 
wave and a-wave is 
evident in the 
apexcardiogram, 
synchronous with the 
sound labelled 4. 
Apposition of the mitral 
valve leaflets coincides 
f= with the sound labelled 
eo M1.T1, tricuspid 

z component of the first 
sound; SEM, systolic 
p ejection murmur. 
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crossover of the left ventricular and left atrial pres- 
sures? 5 and has since been confirmed by a number of 
echocardiographic studies.$ ^? Such premature clos- 
ure has been identified as part of the mechanism of the 
Austin Flint murmur.” Though it has been noted 
that the first heart sound is attenuated in such 
patients, in only one report has mention been made of 
a diastolic sound and this was recorded with an 
intracardiac microphone. Meadows et al.!9 consi- 
dered the possibility that a mid-diastolic mitral valve 
closure sound in their patients might have been 
masked by the presence of an Austin Flint murmur. 
In uncomplicated first degree heart block, when the 
first heart sound is audible it follows the onset of ven- 
tricular systole. Its intensity appears to depend on the 
degree of separation of the mitral leaflets at end- 
diastole, in turn determined by the interval between 
the atrial and ventricular contributions to mitral valve 
closure. When apparent presystolic closure of the 
valve occurs, this is not usually audible or record- 
able.!! We speculate that in the present patient the 
simultaneous occurrence of rapid filling and atrial sys- 
tole coupled with persisting retrograde filling of the 
ventricle caused an abrupt rise in ventricular diastolic 
pressure and sudden termination of forward flow 
across the mitral valve. The signs did not suggest that 
aortic regurgitation was itself of great severity and the 
patient did not require surgery, so that the rapid rise 
in ventricular diastolic pressure must be attributable 
more to its abnormal elasticity than to the magnitude 
of the diastolic volume load. 

The arguments for the valvular hypothesis of the 
generation of the first heart sound are based for the 
most part on the simultaneous occurrence of the two 
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components with the corresponding movements of 
the mitral and tricuspid valves, studied indirectly by 
manornetry! or more directly by echocardiography.!? 
Thus mitral valve closure has been shown to occur an 
appreciable interval after the crossover of left atrial 
and left ventricular pressures, and synchronous with 
the first component.!? Similarly, the second compo- 
nent precedes aortic valve opening, and is synchron- 
ous with tricuspid valve closure, a relation that per- 
sists when tricuspid closure is delayed.!* Further evi- 
dence for the valvular hypothesis is the finding that in 
atrioventricular block the intensity of the first sound 
varies according to the velocity of closure of the mitral 
valve leaflets.!! In all such studies, however, it is 
impossible to separate the timing of valve movements 
from the other mechanical events that characterise the 
onset of left ventricular systole, so that effects of the 
latter can never be completely discounted as con- 
tributing to the audible sound. The occurrence of 
premature mitral valve closure in cases of aortic re- 
gurgitation with high left ventricular diastolic pres- 
sure therefore provides an experiment of nature in 
which valve movements and ventricular systole are 
dissociated. Our finding that in this situation the first 
component of the first heart sound may also be dis- 
sociated from ventricular systole seems to us to lend 
further support to the valvular hypothesis. 
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Coronary artery surgery using inverted internal 


mammary artery 


J J GOITI, G H SMITH 


From the Cardiothoracic Unit, Northern General Hospital, Sheffield 


SUMMARY A 56-year-old man requiring multiple coronary artery bypass grafts but without enough 
suitable vein was operated upon using the retrograde flow of the right internal mammary artery to 


supply the posterior descending coronary artery. 


Relief of angina and non-ischaemic areas on the scan with thallium-201 supports our intention to 
use this method when other techniques are not possible. 


Coronary artery bypass using autologous venous 
grafts is established in the treatment of angina pec- 
toris. Daunting technical problems are encountered 
when no suitable veins are available. 

The purpose of reporting this case 1s to present the 
clinical use of retrograde internal mammary artery 
grafting to overcome this problem. 


Case report 


A 56-year-old journalist was known to suffer with 
mild diabetes mellitus and to have Fredrickson type 
IV hyperlipidaemia. He had two previous myocardial 
infarctions. He complained of severe angina unre- 
sponsive to conventional medical treatment. In the 
past he had suffered with varicose veins in both legs 
and had had deep venous thromboses. In addition, 
the veins in the arms had been damaged by multiple 
injections and infusions during the treatment of 
diabetic complications. 

Coronary arteriography showed a 9096 stenosis of 
` the left anterior descending coronary artery, involving 
the origin of the first diagonal coronary artery, 7096 
stenosis at the origin of the obtuse marginal artery, 
and total occlusion of the right coronary artery in its 
middle third. The distal right coronary artery filled 
: retrogradely from the left-sided injection. 

Surgery was performed on 30 March 1981. In spite 
of multiple explorations, only enough vein for one 
graft, of about 12 cm, could be found. After median 
sternotomy, both internal mammary arteries were 
mobilised from the sécond to the seventh costal carti- 
lage. The left-sided artery was divided at the level of 
the diaphragm and excellent anterograde flow was 
obtained. The right internal mammary artery was 
divided at the level of the second costal cartilage and a 
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retrograde flow of approximately 40 ml/min was 
obtained. 

After cardiopulmonary bypass was established, 
cold cardioplegic solution arrested the heart. The vein 
was sewn to the opened obtuse marginal artery which 
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Fig. Left internal mammary artery anastomosed to the left 
anterior descending coronary artery. Retrograde right internal 
mammary artery anastomosed to posterior descending coronary 
artery. Vein graft to the obtuse marginal and first diagonal are 
not shown. 
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had a lumen of 2 mm and a side to side anastomosis 
was performed to the first diagonal artery which had a 
lumen of 1-5 mm. The left internal mammary artery 
was anastomosed to the left anterior descending cor- 
onary artery (2 mm) and the retrograde right internal 
mammary to the posterior descending coronary artery 
(2mm). The venous anastomoses were performed 
using 6/0 Prolene and the mammary arterial anasto- 
moses with 7/0 Prolene. 

Spontaneous defibrillation occurred on removal of 
the aortic clamp at 50 minutes. The vein was attached 
to the ascending aorta. 

The period after bypass and after the operative 
period was uneventful. Examination of the elec- 
trocardiogram and serum enzymes showed no evi- 
dence of myocardial damage. 

Eighteen days after operation the patient had 
myocardial imaging using thallium-201. Exercise to 
exhaustion did not cause angina. The scan showed a 
defect of distribution without later correction in the 
lateral wall of the left ventricle only, suggesting lateral 
myocardial infarction, compatible with the history 
before operation. Angiography showed excellent 
patency of the left internal mammary artery graft, but 
occlusion of the venous graft. Repeated attempts to 
inject the right internal mammary artery via the 
epigastric route failed. 

The patient continues to be free of pain and is lead- 
ing a very active life eight months after operation. 


Discussion 


Our experience with artificial substitutes for coronary 
artery bypass graft in the absence of autologous vein 
has been far from satisfactory. This patent who 
required four coronary artery bypass grafts forced us 
to adopt the above manoeuvre, having read the 
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experimental results of Folts et al.! using retrograde 
internal mammary artery flow for revascularisation of 
coronary arteries. We believe this is the first clinical 
use of this method. 

The patency rate of internal mammary arteries is 
higher than autologous vein grafts, but only with 
anterograde flow.* Unfortunately, we have not been 
able to show the patency of the graft by angiography 
because of anatomical difficulties, but the thallium 
scan suggests good myocardial perfusion in the area 
perfused by the retrograde right internal mammary 
artery graft. In addition, angiography after operation 
did not show retrograde filling of the right coronary 
artery, as happened before operation, though of 
course this could be the result of operative damage to 
the artery. The total relief of the angina in this patient 
supports the idea of using this new technique in cases 
requiring multiple coronary artery bypass grafts when 
other techniques are inappropriate. 
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Reliability and clinical relevance of detection of 
vegetations by echocardiography in bacterial 


endocarditis 


Sir, 

The recent paper by Hickey et al. (Br Heart F 1981; 
46: 624—8) provides an interesting indication of the 
potential use of M-mode echocardiography in patients 
with infective endocarditis. 

In view of their findings, the criteria for differen- 
tiating the echocardiographic appearances of vegeta- 
tions from those of the underlying valve disease are 
clearly important. For instance, chordal rupture 
associated with mitral valve prolapse can result in 
echocardiographic patterns which resemble those 
produced by “shaggy non-uniform masses". By con- 
trast, the presence of heavy calcification of valve cusps 
often prevents recognition of more subtle associated 
structural abnormalities. In the presence of heavy 
calcification or rheumatic disease causing restriction 
of leaflet motion were the authors able to detect 
vegetations around the valves themselves, or were the 
vegetations only detectable in the left atrium or left 
ventricular outflow tract? 


Peter Mills, 
The London Hospital, 
London El. 


This letter was shown to Drs Hickey, Wolfers, and 
Wilcken who reply as follows. 

Sir, 

We thank Dr Mills for his comments about our paper 
and for drawing attention to the two important groups 
of patients in whom the diagnosis of vegetations by 
echocardiography may prove difficult—those with 
thickened or calcified valves and those with mitral 
valve prolapse and chordal rupture. 

In relation to the first problem, we have made a 
definite diagnosis of vegetations in thickened or 
calcified valves when vegetations were identified in 
the left atrium or left ventricular outflow tract (as Dr 
Mills mentions), when vegetations were detected in a 
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valve other than one thickened, that is vegetations on 
a normal mitral valve with a thickened and presum- 
ably affected aortic valve, or when sequential 
echocardiograms obtained over several weeks revealed 
progressive changes. We stress the importance of 
sequential echocardiograms. Thus, in our study there 
were seven patients with thickened aortic valves and 
one with mitral stenosis in whom vegetations were 
considered to be present. Of the patients with aortic 
valve disease, two had vegetations visible in the ven- 
tricular outflow tract, as shown in Fig. 1 of our paper, 
and three had progressive changes in and around the 
aortic valve leaflets over periods ranging from six to 
eight weeks; the remaining two patients with thick- 
ened aortic valves had vegetations on their mitral val- 
ves and there was confirmation of bivalvular involve- 
ment in one (necropsy was refused in the other). In 
the one patient with mitral stenosis, shaggy echoes 
were noted both in systole and diastole around the 
thickened mitral leaflets. A diagnosis of probable 
vegetations only was made in this case, with subse- 
quent confirmation at surgery. — — 

We certainly agree with Dr Mills that there is a risk 
of making a false positive diagnosis of vegetations in 
patients with chordal rupture complicating mitral 
valve prolapse. There were six patients in our study 
with clearly defined mitral valve prolapse at echocar- 
diography. Only one of these was considered to have 
vegetations (Fig. 2 of our paper) and these were found 
at surgery. None had evidence of chordal rupture. 
Since the completion of our study, however, we have 
had a patient with Streptococcus viridans endocarditis 
on a floppy mitral valve with chordal rupture. We did 
not consider this patient had vegetations on the 
M-mode study using our criteria, but we made a 
confident diagnosis of vegetations on the basis of a two 
dimensional study which appeared to show a large 
vegetation attached to the tip of the anterior leaflet. At 
surgery after six weeks of chemotherapy there was 
microscopical evidence of infection in the excised 
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valve, ruptured chordae to the anterior leaflet, but no 
detectable vegetations. After viewing the specimen we 
did not see how one could have differentiated the 
mass we detected, which was the flail myxomatous tip 
of the anterior leaflet, from vegetations. Perhaps, how- 
ever, the distinction is not crucial to the management 
in a patient with suspected or proven infective 
endocarditis receiving appropriate antibiotic treat- 
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ment since early surgery is usually indicated for chor- 
dal rupture anyway. 


Andrew J Hickey, Jane Wolfers, David E L Wilcken, 
Department of Medicine, 

The Prince Henry Hospital, 

Little Bay, NSW 2036, 

Australia. 
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Electrocardiogram of pure left ventricular hypertrophy 
and its differentiation from lateral ischaemia 


Sir, 

I was delighted to read Beach, Kenmure, and Short’s 
paper! emphasising features of the final ventricular 
configuration (repolarisation) that distinguishes left 
ventricular hypertrophy from myocardial ischaemia. 
Credit, however, should have been given to the 
pioneers who first described them. 

Pardee? first pointed out the configuration of the T 
waves which are characteristic of myocardial infarc- 
tion. These T waves were subsequently called Pardee 
waves or coronary T waves. I was taught these 
findings during my junior year by Herrick who was 
still giving an occasional lecture at that time. Pardee 
quoted Herrick’s famous case,’ the first clinical 
example of a coronary T wave. At Herrick's sugges- 
tion, Smith^ $ ligated coronary arteries in dogs and 
was able to demonstrate typical coronary T waves. 

Barnes and Whitten? were the first to describe in 
detail the T wave configuration in predominant ven- 
tricular hypertrophy, which they called strain. They 
acknowledged the influence of Willius, their colleague 
at the Mayo Clinic, and also Wilson's concept of the 
ventricular gradient. Wilson objected to the word 
strain because it is not an electrical term. Barnes 
 re-emphasised these findings and the differentiation 
from those of ischaemia in his monograph on elec- 
trocardiographic patterns.? The T wave findings in 
left ventricular hypertrophy appeared in Ashman and 
Hull’s elementary? and in Sodi-Pollares and Calder’s 
advanced textbook on  electrocardiography.!? 
Emphasis was placed upon the depression of the ST 
segment even when it was as little as 0-5 mm, the 
asymmetric T wave, and the low and flat T wave. 
Goldberger’! noted the appearance of a roller-coaster 
effect with downward T waves terminating above the 
baseline. 

The differentiation between the configuration of 
repolarisation caused by myocardial ischaemia from 
that of left ventricular hypertrophy is clearly 
described in the books by Katz!? and by Sodi-Pollares 
and Calder.!? l 

This distinction of course is not absolute because of 
the occasional simultaneous presence of both lesions 
and because of the superimposed effects of drugs 
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(digitalis) or electrolyte abnormalities; there may also 
be a problem if the electrocardiogram is taken soon 
after the ingestion of a high carbohydrate diet, after 
an injection of insulin, or immediately after physical 
activity. 

Beach et al.! correctly state that QS complexes in 
the right precordial leads are not diagnostic of an 
infarction. They may occur, as they state, in isolated 
left ventricular hypertrophy and may also occur in 
infiltrative disorders of the myocardium (amyloidosis, 
tumours) frequently when the leaves of the diaphragm 
are depressed (emphysema), in right atrial enlarge- 
ment (tricuspid regurgitation), and, rarely, in normal 
individuals when there is pronounced clockwise rota- 
tion of the electrical axis. If the electrodes are errone- 
ously placed too high on the thoracic wall, which is a 
not uncommon error in women with large breasts, QS 
complexes may be seen. 


Louis A Soloff, 

Temple University Health Sciences Center, 
3401 North Broad Street, 

Philadelphia, Pennsylvania 19140, USA. 
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This letter was shown to Drs Beach, Kenmure, and 
Short who reply as follows: 


Sir, 

We are grateful to Dr Soloff for reminding us of 
observations on the repolarisation pattern in left ven- 
tricular hypertrophy made by earlier workers in this 
field. We have reviewed most of the publications to 
which Dr Soloff refers. It is true that ST depression, 
T wave asymmetry, and a “roller-coaster” pattern are 
described. Nevertheless, the descriptions are con- 
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fused and conflicting, and we found no evidence of 
any attempt to quantify the degree of asymmetry in 
left ventricular hypertrophy to enable this to be used 
to discriminate between hypertrophy and ischaemia. 

It is therefore not surprising that the idea that there 
might be definable differences between the pattern of 
repolarisation in left ventricular hypertrophy and that 
in coronary disease was never established. We do not 
know of a single textbook on electrocardiography, 
published in the past 20 years, which draws attention 
to these differences; indeed most state or imply that 
the patterns are indistinguishable. 

Early workers were limited by the fact that they 
were not able to exclude the coexistence of coronary 
narrowing along with left ventricular hypertrophy 
except at necropsy. It is now possible to do this during 
life; so we have a secure basis for comparing the elec- 
trocardiography of “pure” left ventricular hypertro- 
phy with that of coronary heart disease. 


C Beach, À C F Kenmure, D Short, 
Cardiac Department, 


Aberdeen Royal Infirmary, 
Foresterhill, Aberdeen. 
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Proceedings of the British Cardiac Society 


THE 61ST ANNUAL GENERAL MEETING of the British 
Cardiac Society was held at the Medical School in the 
Queen’s Medical Centre at Nottingham University on 
Wednesday and Thursday 14 and 15 April 1982. The 
President, M F OLIVER, took the Chair during private 
business. At the scientific sessions the Chair was taken 
by JR HAMPTON. 


Abstracts of papers 


Direct electrophysiological effects of disopyramide 
phosphate—evaluated in denervated human heart 


R S Bexton, K J Hellestrand, R Cory-Pearce*, R A J 
Spurrell, T A H English*, A J Camm 

The Cardiac Department, St Bartholomew’s Hospi- 
tal, London 

*British Heart Foundation, Heart Transplant 
Research Unit, Papworth Hospital, Cambridge 


In order to evaluate the direct intrinsic effects of 
intravenous disopyramide phosphate (2 mg/kg), the 
drug was administered to eight orthotopic cardiac 
transplant recipients undergoing electrophysiological 
study. 

The sinus cycle length of the denervated donor 
right atrium was significantly increased by dis- 
opyramide (626+53 ms to 716+60 ms, p<0-001) 
while that of the innervated recipient right atrrum 
decreased (846+80 ms to 659+41 ms, p<0-02). The 
AH interval (55+5 ms to 78+5 ms, p«0-001), HV 
interval (38+3 ms to 58+5 ms, p« 0-001), QRS dura- 
tion (93+7 ms to 129-13 ms, p<0-001), QT interval 
(339-9 ms to 403-15 ms, p<0-001), and QTc 
(435x 11 ms to 4872: 10 ms, p« 0-01) measured during 
sinus rhythm were all very prolonged. 

The sinus node recovery time (1128+252 ms to 
1198+242 ms, p«0-05) and corrected sinus node 
recovery time (440—171 ms to 489+ 167 ms, p« 0-02) 
of the denervated donor atrium were significantly pro- 
longed by disopyramide whereas the recovery times of 
the innervated recipient atrium shortened slightly. 
During incremental pacing the atrioventricular 
Wenckebach cycle length (314-8 ms to 350-13 ms, 
p« 0-01) increased after disopyramide, as did the ven- 
tricular arterial Wenckebach cycle length (4192-62 ms 
to 500761 ms, p<0-01). The drug had no effect on 
the effective refractory period of the atrium, atrioven- 
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tricular node, or ventricle though the functional 
refractory period of the atrioventricular node was pro- 
longed (3693-13 ms to 395: 12 ms, p« 0-001). 

In comparison with effects on the innervated nor- 
mal heart, the direct intrinsic effects of disopyramide 
on the transplanted denervated héart are conspicu- 
ously depressant. 


Prognosis of chronic second degree atrioventricular 
block 


D Veale, C A Kekwick, J Gowers, A Whistance, D B 
Shaw 

Cardiac Department, Royal Devon and Exeter Hospi- 
tal (Wonford), Barrack Road, Exeter 


This paper presents the findings of the prospective 
follow-up of patients with second degree block seen in 
the Devon Heart Block and Bradycardia Survey 
started in 1968. Patients with conduction disturbance 
which occurred within 28 days of myocardial infarc- 
tion or pericarditis are excluded, as are those with 
drug-induced block. Two hundred and seventy 
patients with second degree block have been seen in 
the survey; in 44 instances evidence of higher degree 
of block was available leaving 226 patients presenting 
with second degree block. The patients were divided 
into Mobitz I and Mobitz II groups according to the 
usual criteria, the mean age of the former group being 
four years less than the latter. 

Temporary or sustained improvement in conduc- 
tion was seen in 20% of patients and 46% progressed 
to third degree block. The five year survival for the 
whole group was approximately 50% and surprisingly 
it was similar for both of the Mobitz groups. Paced 
patients faced significantly better than unpaced, this 
difference being maintained even when corrected for 
age. 


Comparative electrophysiological effects of novel 
antiarrhythmic drug, bepridil 


E Rowland, W McKenna, D M Krikler 
Royal Postgraduate Medical School, London 


Bepridil is a novel, non-iodinated, fast and slow chan- 
nel blocker that prolongs myocardial refractoriness 
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and depresses atrioventricular nodal function. We 
compared intravenous bepridil (2-0 mg/kg) with ver- 
apamil (0-15 mg/kg) in nine patients with reciprocat- 
ing atrioventricular nodal tachycardia, and with 
ajmaline (0-75 mg/kg) in eight patients in whom re- 
entry tachycardia was associated with the Wolff- 
Parkinson-White syndrome; 12 of these patients were 
restudied three days after oral bepridil (1500 mg) 
when steady state had been achieved. Intravenous 
bepridil increased sinus cycle length in all patients (40 
to 120 ms, mean 66) and increased the AH interval (0 
to 20 ms, mean 8). No effect was seen on His-Purkinje 
conduction. The “pre-Wenckebach cycle length” of 
the atrioventricular node was prolonged after bepridil 
(45 to 150 ms, mean 95) as were the effective refrac- 
tory periods of the atrioventricular node (50 to 90 ms, 
mean 74), atrium (10 to 50 ms, mean 28), ventricle (0 
to 30 ms, mean 14), and accessory pathway retrograde 
(55 to 70 ms, mean 63). Tachycardia terminated in all 
patients after verapamil or ajmaline whereas failure 
occurred in three patients after bepridil: all had pre- 
excitation. At restudy after oral bepridil reinitiation 
was impossible in six patients; in the other six 
tachycardia was slower, and terminated spontane- 
ously (two) or with single stimuli. 

Bepridil thus possesses a combination of elec- 
trophysiological properties, each of its actions com- 
parable to representative conventional agents: this 
broad spectrum of antiarrhythmic action ia appropri- 
ate for the safe and effective treatment of supraven- 
tricular arrhythmias. 


Electrophysiological effects of sotalol—more than 
just another beta blocker 


A W Nathan, K J Hellestrand, R S Bexton, D E 
Ward, R A J Spurrell, A J Camm 
St Bartholomew’s Hospital, London 


The electrophysiological effects of intravenous sotalol 
hydrochloride (0-4 mg/kg) were assessed in 24 
patients, including 13 with the Wolff-Parkinson- 
White syndrome. Fifteen minutes after sotalol 
administration there was an increase in sinus cycle 
length (739::107 to 8694109 ms, p« 0-001) and in 
sinus node recovery time (1084+302 to 1270+301 ms, 
p<0-01). The AH interval increased (82-28 to 942-32 
ms, p« 0-001), but the HV interval was unchanged. 
The QRS duration was also unchanged, but the QT 
(401245 to 427-38 ms, p« 0-01) and the JT (300-44 
to 321+35 ms, p« 0-02) intervals were both increased. 
The atrial (216+38 to 233-40 ms, p« 0-01), ventricu- 
lar (2312+30 to 242+31 ms, p<0-01), and atrioven- 
tricular nodal (294::87 to 338+90 ms, p« 0-001) 
effective refractory periods were all prolonged, as was 
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the atrioventricular nodal functional refractory period 
(417+92 to 467+86 ms, p« 0-001). In the 13 patients 
with ventricular pre-excitation there was an increase 
in the accessory pathway anterograde (317-88 to 
350+81 ms, p<0-02) and retrograde (296--40 to 
371+139 ms, p« 0-05) effective refractory periods. In 
12 of these 13 sotalol was given during atrioventricu- 
lar re-entrant tachycardia, resulting in termination in 
five. Tachycardia cycle length increased in all patients 
(355-64 to 413-54 ms, p<0-001) with the major 
effect being in the atrioventricular direction (atrioven- 
tricular interval 230+69 to 286-54 ms, p« 0-001). 
Tbe effect on atrial, ventricular, and accessory path- 
way effective refractory periods and on ventricular 
repolarisation is not typical of that observed with 
other beta blockers but may be the result of lengthen- 
ing of the action potential duration, as seen with 
amiodarone. These findings suggest that sotalol may 
be more versatile than other beta receptor antagonists 
in the treatment of arrhythmias. 


Ventricular arrhythmia in tetralogy of Fallot: 
influence of age, haemodynamic factors, and 
surgery 


J E Deanfield, D Sugrue, W J McKenna, P Laven- 
der, G R Graham, K Hallidie-Smith 

Royal Postgraduate Medical School, Hammersmith 
Hospital, and The Hospital for Sick Children, Great 
Ormond Street, London 


Serious ventricular arrhythmia occurs after correction 
of tetralogy of Fallot and may be associated with, late 
sudden death. To determine the factors responsible 
for these arrhythmias, we studied 38 unoperated 
patients (age 2 months to 45 years) and 77 postopera- 
tive patients (follow-up three to 22, mean 14-6 years) 
using 48 hour electrocardiographic monitoring. 
Thirty-one of the postoperative patients had cardiac 
catheterisation and gated equilibrium radionuclide 
angiography using Krypton-81m (right ventricle) and 
technetium-99m (left ventricle), at rest and after 
isometric exercise. None of the unoperated patients 
aged below 9 years had significant arrhythmia. Four 
of seven patients older than 10, however, had ven- 
tricular arrhythmia, of whom three had ventricular 
tachycardia. No other clinical or haemodynamic 
measurements distinguished these patients. Thirty- 
three postoperative patients (43%) had serious ven- 
tricular arrhythmia and four (5%) ventricular 
tachycardia. There was no significant difference in 
haemodynamic status or ventricular ejection fraction 
between patients with ventricular arrhythmia and 
those without. Ventricular arrhythmia was 
significantly more frequent in those operated on at an 
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older age. (One of 14 aged 2 to 7, 19 of 45 aged 8 to 
15, 13 of 18 aged 16 or more; p« 0-01). 

Thus, ventricular arrhythmias cannot be predicted 
from the postoperative haemodynamic status of the 
patient. They are related to the timing of correction 
rather than to the operation itself. 


Increased atrial pacing threshold in heart transplant 
rejection 


R Cory-Pearce, R S Bexton, T Cochrane, A J Camm, 
T A H English 

Papworth Hospital, Papworth Everard, Cambridge- 
shire 


The pacing threshold of the donor right atrium was 
measured in eight heart transplant recipients for 27 to 
46 days (mean 33) after transplantation. Threshold 
current and potential were measured at nine different 
pulse widths each day during the period of study and 
correlated with the degree of rejection diagnosed by 
right ventricular endomyocardial biopsy. Biopsies 
were performed each seven to 10 days or on suspicion 
of rejection. Histological grading was from 0 (normal) 
to 4 (severe rejection). The degree of rejection was 
correlated with the mean values of current, potential, 
power, and energy on the day of the biopsy. There 
were insufficient examples of grade 1 and grade 4 
rejection for statistical analysis (paired Student's t 
test). 

During rejection there was significant increase in 
potential (p<0-02), current, power, and energy 
(p«0-01) compared with the values associated with 
normal biopsies. The values associated with grade 2 
and grade 3 rejection were not significantly different. 
Similar results were obtained with all pulse widths. 

Right atrial pacing threshold correlates well with 
rejection of the transplanted heart but does not indi- 
cate the severity of rejection. 


Haemodynamic and metabolic effects of diltiazem, 
a new calcium antagonist, compared with nifedipine 
in patients with coronary artery disease 


J Kenny, K Daly, G Bergman, S Kerkez, G Jackson, 
D E Jewitt 

Cardiac Department, King's College Hospital, Lon- 
don 


Diltiazem is a new calcium channel blocking agent 
which may have value in patients with angina pec- 
toris. The haemodynamic and myocardial metabolic 
effects of diltiazem have been compared with those of 
nifedipine at rest and during rapid atrial pacing in 20 
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patients with obstructive coronary artery disease. No 
patient was receiving a beta blocking agent at the time 
of the study. 

Diltiazem, 0-25 mg/kg intravenously given over two 
minutes followed by 0-005 mg/kg per min, produced a 
fall in systemic vascular resistance from 20-1 to 15:7 
units (p«0-002) with an increase in cardiac output 
from 5-5 to 6.5 l/min (p<0-01) and a fall in mean 
arterial pressure from 100 to 92 mmHg (p« 0-005). 
Coronary sinus blood flow rose after both drugs. 
Comparable haemodynamic changes occurred after 
nifedipine 20 mg sublingually. The systemic vas- 
odilator effects of diltiazem, however, were not 
associated with a change in resting heart rate, whereas 
after nifedipine it rose from 70 to 80 beats/min 
(p<0-001). 

Importantly, after diltiazem, mean pacing time to 
angina increased from 174 to 356 seconds (p<0-02) 
and mean lactate extraction improved from —22% (ie 
production) to +2%. The atrial pacing time to angina 
and the myocardial lactate extraction ratio after 
nifedipine did not change significantly. 

The effects of diltiazem differ importantly from 
those of nifedipine and may be advantageous in the 
treatment of angina pectoris. 


Comparison of ‘‘dipyridamole-exercise” thallium- 
201 imaging and standard exercise thallium-201 
imaging in men with angina 


P R Walker, E R Davies, I Watt, J R Rees 
Departments of Cardiology and Radiodiagnosis, Bris- 
tol Royal Infirmary 


Traditional thallium-201 myocardial imaging as per- 
formed with exercise or dipyridamole stress. We have 
devised a method for combining oral dipyridamole 
and treadmill exercise in one test: *dip-ex" testing. In 
13 men with angina this was a more effective stress 
than exercise alone. 

Thirteen men with mild to moderate angina and 
good exercise performance were selected. In seven, 
coronary artery disease had been demonstrated 
angiographically; in the remaining six, in whom 
angiography was inappropriate, the presence of coro- 
nary artery disease was accepted on the typical history 
combined with an ischaemic exercise electrocardio- 
gram. (The prevalence of coronary artery disease in 
such men is 96 to 10096.) 

Patients underwent thallium-201 imaging on two 
occasions, two weeks apart. On one occasion, 
dipyridamole 300 mg was taken by mouth 60 minutes 
before exercise. Thallium-201 2 mCi was given 
intravenously at maximal exercise. 

Thallium-201 imaging was abnormal (regional 
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count deficit of >25%) in 12 patients after dip-ex test- 
ing and in eight after exercise alone. Dip-ex testing 
disclosed a total of 26 abnormal myocardial regions in 
the 13 patients, while exercise imaging showed 12. 
When only the dip-ex images were abnormal, angiog- 
raphy tended to show at least one occluded or criti- 
cally narrowed vessel, and a well developed collateral 
circulation. 

The mean myocardial to background ratio was 
3-48+0-75 after dip-ex testing and 2-95+0-55 after 
exercise alone (p<0-01). 

The dip-ex technique has now been used diagnosti- 
cally in 60 patients. It is useful, simple, and safe. 


Relation between episodes of reversible cardiac 
ischaemia and arrhythmias 


-D W Davies, P M Holt, P V L Curry 
iDepartment of Cardiology, Guy's Hospital, London 


Cardiac arrhythmia is the presumed predominant 
cause of sudden death in patients with ischaemic heart 
disease; however, the precise relation between acute 
ischaemic episodes and cardiac arrhythmias in such 
patients is uncertain. 

To examine this relation, 40 patients with angina 
caused by coronary artery disease were studied with 
continuous 24 hour electrocardiographic FM record- 
ings, 28 of whom also had stress electrocardiograms 
that were analysed for both ischaemic and arrhythmic 
events. Only two patients (596) had symptoms of car- 
diac arrhythmia. Patients with acute myocardial 
infarction within two weeks were excluded. 

Twenty-six of 40 24 hour electrocardiograph tapes 
(6596) showed ischaemic episodes characterised by 1-5 
mm or greater ST segment depression or elevation 
0-08 s after the J point. Thirty-seven (92-596) of these 
same tapes showed cardiac arrhythmias. Arrhythmias 
were immediately associated with episodes of 
ischaemia in six patients (16:296 of tapes showing 
arrhythmia, 1596 total tapes); ischaemia precipitated 
arrhythmia in five (19-296 of tapes showing ischaemic 
episodes, 12-596 total tapes), and vice versa in one 
(2-796 of tapes showing arrhythmia, 2-596 total tapes). 
Of nine arrhythmias precipitated by ischaemia, two 
were ventricular tachycardia, two complex or early 
ventricular extrasystoles, three simple ventricular 
extrasystoles, and two conduction disturbances. 
Apparently similar episodes of ischaemia in the same 
patient did not consistently reproduce the cardiac 
arrhythmia. There was no significant difference in 
arrhythmias produced by either "demand" or “‘spon- 
taneous" ischaemia but the incidence was greater with 
severe and prolonged ischaemia. Exercise testing pro- 
duced angina and/or electrocardiographic appearances 
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. of ischaemia in 21 of 28 (7596) patients and cardiac 


arrhythmias in three of 28 patients (10-796). 
Arrhythmias were immediately associated with 
episodes of ischaemia in two; ischaemia preceding 
arrhythmia in one, and following sustained arrhyth- 
mia in one. 

In conclusion, the incidence of arrhythmias during 
episodes of reversible cardiac ischaemia is low in 
patients with angina resulting from coronary artery 
disease. Treatment that prevents ischaemia might be 
expected to reduce the incidence of fatal cardiac 
arrhythmias in such patients. Arrhythmias that pre- 
cipitate ischaemia are rare but are important to sup- 
press when they arise. 


Reciprocal ST depression in myocardial infarction: 
relation to exercise-induced ST depression 


K Jennings, K Evemy, D S Reid, D G Julian 
Department of Cardiology, Freeman Hospital, New- 
castle upon Tyne 


In acute myocardial infarction, ST depression in leads 
distant from those showing ST elevation has been 
considered 'reciprocal" but could reflect local 
ischaemia. To examine this possibility, we have 
reviewed 103 consecutive patients who underwent 
exercise testing soon after infarction. Treadmill exer- 
cise testing was performed a mean of 12 (five to 30) 
days after infarction using a modified Naughton pro- 
cedure. Thirty-five (3496) of these patients had had 
"reciprocal" changes within 48 hours of infarction 
defined as ST depression =1 mm at a distance from 
the infarct site. Twenty-one (61%) of the 35 had 
exercise-induced ST depression in the leads previ- 
ously showing “reciprocal” change. Twelve of the 
remaining 14 subsequently had symptom limited 
exercise testing; two showed ST depression in the 
same site as the "reciprocal" change. 

Thus, 6696 of those with “reciprocal” change had 
ST depression on exercise in the same leads. Coronary 
anatomy was examined in eight of these by arteriogra- 
phy and in one at necropsy; all but one had a 25096 
stenosis in a coronary artery. supplying the “recip- 
rocal" territory additional to disease in the vessel to 
the infarct site. 

These findings suggest that "reciprocal" change 
may reflect ischaemia in territory distant from the 
infarction. 


Orthotopic vs. heterotopic cardiac transplantation: 


haemodynamic and physiological factors 


K R Melvin, C P Pollick, J Wallwork, E B Stinson 
Stanford University Medical Center, Stanford, USA 


Proceedings of the British Cardiac Society 


Heart transplantation has been successfully carried 
out since 1960 based on the technical procedure 
described by Lower and Shumway. It was not until 
1967, however, that the procedure was attempted in 
humans and the surgical technique has been essen- 
tially unchanged since. Shortly after the initiation of 
human cardiac transplantation episodes of acute 
post-operative right sided heart failure were noted in 
some patients in whom the preoperative pulmonary 
vascular resistance was substantially raised. It seemed 
that the new heart could not adapt rapidly enough to 
the high pressures necessary to the right heart and 
thus rapidly failed. Research into a solution to this 
catastrophic complication led to the development of 
the heterotopic transplant in which a new heart was 
"piggy-backed" onto a left ventricle allowing the 
native right ventricle to continue to supply the pul- 
monary circuit at its own chronically high pressure. 
Some investigators felt this to be a superior technique 
to orthotopic transplant as it allowed for possible 
recovery of the damaged native heart and resulted in 
eventual removal of the transplant in one case as the 
native's heart function improved. Heterotopic trans- 
plantation, however, is a more technically complex 
surgical procedure, leading to substantial alterations 
in flow characteristics and compliance between the 
two hearts. The potential benefit to the damaged 
native left ventricle is not guaranteed and there are 
significant risks of thrombus and embolus associated 
with the blood flow characteristics of the heterotopic 
procedure. A study was performed to outline the dif- 
ferences between the two procedures and shows a 
superior result with orthotopic. The two procedures 
were compared; echocardiographic features of the 
wall and valve motion were studied. Simultaneous 
phonocardiography, apexcardiography, and elec- 
trocardiography showed unique physiological features 
of the heterotopic transplant. Catheterisation studies 
corroborated these findings, and suggested progres- 
sive deterioration of a native heart in a heterotopic 
transplant because of disparate pressures and vol- 
umes. Thus it is shown that heterotopic transplant is 
not necessarily a superior technique and may in fact 
contribute to further deterioration of the native heart 
and necessitate further intervention. 


Inverted circadian blood pressure rhythm in auton- 
omic failure 


$ Mann, D G Altman, E B Raftery, R Bannister 
Cardiology Department, Northwick Park Hospital 
and Clinical Research Centre, Harrow, Middx, and 
Department of Neurology, St Mary's Hospital, Lon- 
don 
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We have studied six subjects with autonomic failure 
(Shy-Drager or idiopathic type) using ambulatory 
intra-arterial pressure monitoring. All were moni- 
tored for at least 24 hours during which they were 
fully ambulant. Four were studied for an additional 
24 hours during which they were restricted to bed. 
Tape recordings were computed to obtain mean 
hourly values of heart rate, and systolic and diastolic 
blood pressure from which circadian curves were 
dérived. 

Heart rate curves were normal in shape but the 
amplitude of the day-night change was reduced. The 
pattern of blood pressure change was, however, com- 
pletely inverted from normal, with highest pressures 
occurring shortly after retiring for the night and then 
falling steadily to the nadir shortly after awakening, 
with a gradual rise thereafter. This pattern was highly 
consistent among the group and was generally 
unchanged during the period of bed rest. There was 
little effect of awakening on the underlying trend of 
blood pressure. 

The low pressures in the early morning coincided 
with the exacerbation of orthostatic symptoms that 
many such patients report. Also, the night time pres- 
sures were often surprisingly in the hypertensive 
range. The pattern demonstrated appears to be highly 
relevant to clinical features of this condition and sug- 
gests potentially valuable approaches to treatment. 


Changes in plasma potassium and the electrocar- 
diogram induced by adrenaline and the effect of 
beta blockade on them 


J € Rodger, A D Struthers, R Whitesmith, J L Reid 
Medical Unit, Monklands District General Hospital, 
Airdrie, Lanarkshire, and Departments of Materia 
Medica and Biochemistry, Stobhill Hospital, Glasgow 


We have previously reported on transient 
hypokalaemia in acute myocardial infarction. To 
investigate our hypothesis that this might be the result 
of increased circulating catecholamines, we have 
infused adrenaline in normal volunteers to the levels 
observed after myocardial infarcion. 

Nine subjects were studied on three occasions after 
pretreatment with placebo, atenolol, or timolol. 
Adrenaline, 0:06 ug/kg per min, was infused over 90 
minutes; plasma potassium was measured serially and 
a single lead electrocardiogram was recorded. 

Pretreatment did not significantly alter plasma 
potassium (4-05, 4-03, and 4-09 mmol/l after placebo, 
atenolol and timolol, respectively). During infusion, 
plasma potassium fell to 3-21 mmol/l (p«0-001) after 
placebo, and to 3-67 mmol/l after atenolol; it rose to 
4-25 mmol/l after timolol. 
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Pretreatment did not alter the QTc interval. Dur- 
ing infusion QTc rose from 0-36 to 0-4 s (p<0-01) 
after placebo and was unchanged after atenolol and 
timolol. During infusion after placebo, T wave amp- 
litude decreased and two subjects developed U waves; 
the decrease in T wave amplitude was less after 
atenolol and absent after timolol. 

Thus, increased plasma adrenaline may be a factor 
in the production of both hypokalaemia and arrhyth- 
mias after myocardial infarction and the prevention of 
hypokaleaemia and of abnormalities of repolarisation 
may contribute to the beneficial effects of beta block- 
ade in this context. 


Endogenous progesterone and blood pressure 


Gillian Greenberg, J D Imeson, T W Meade 
MRC Epidemiology and Medical Care Unit, North- 
wick Park Hospital, Harrow 


The amount of progestogen, as well as oestrogen, in 
oral contraceptives influences the risk of arterial dis- 
ease in oral contraceptive users. The use of proges- 
togens in hormone replacement regimens for 
menopausal symptoms is increasing, so there is added 
reason for assessing the effects of progestogens. The 
risk of ischaemic heart disease and stroke resulting 
from progestogens in oral contraceptive may be medi- 
ated through a rise in blood pressure. In the North- 
wick Park Heart Study, data from nearly 300 white 
women aged 44 years or less and not taking oral con- 
traceptives show that blood pressure was significantly 
raised on those days of the menstrual cycle when 
progesterone levels would be expected to be highest. 
There was a systolic pressure difference of about 10 
mmHg between the highest and lowest mean values 
for individual days of the cycle. Differences in age, 
indices of obesity, and smoking habit were not 
responsible for the differences in pressure. There was 
no correlation between pressure and anticipated levels 
of hormones other than progesterone. The hypothesis 
that serum progesterone levels might be correlated 
with level of blood pressure had not been formulated 
when the pressure measurements were made, so that 
finding is unlikely to be the result of bias. 


Cardiomyopathy in Friedreich's ataxia 


J V de Giovanni, S Ackroyd, S H Green, E D Silove 
The Children's Hospital, Birmingham 


Cardiomyopathy occurs commonly in Friedreich's 
ataxia and is often the cause of death. Some echocar- 
diographic studies, but not all, have suggested that 
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the cardiac pathology may be identical to hyper- 
trophic obstructive cardiomyopathy. It has been 
speculated that catecholamine inbalance in Fried- 
reich's ataxia may stimulate the cardiac muscle 
abnormality. We elected to compare the M-mode 
echocardiograms of patients with Friedreich’s ataxia 
with those of patients who had similar hereditary spi- 
nal degeneration syndromes. Analysis of echocardio- 
grams was made by two observers without prior 
knowledge of the neurological disorder. 

Thirty-three children aged 4 to 18 years were 
studied. Ten of 11 with classical Friedreich’s ataxia 
and two of three with atypical ataxia had abnormal 
echocardiograms. None of the other 21 patients with 
neurological disorders had echocardiographic abnor- 
malities. The abnormal echocardiograms all showed 
increased thickness of the ventricular septum and left 
ventricular posterior wall. Asymmetric septal hyper- 
trophy and systolic anterior motion of the mitral valve 
were present in three patients. Early systolic closure 
of the aortic valve occurred in one. 

This study has shown that cardiac involvement is 
almost invariable in Friedreich’s ataxia but does not 
occur in other similar neurological disorders. The 
cardiomyopathy appears to be heterogeneous. 
Echocardiography is a sensitive method of diagnosis 
and may help differentiate Freidreich’s ataxia from 
other disorders. 


Changes in left ventricular mass, volume, and func- 
tion after surgery for chronic aortic regurgitation 


R M Donaldson, E Olsen, R Florio, R Emanuel, AF 
Rickards, J G Bennett, D N Ross 
National Heart Hospital, London 


In order to assess the reversibility of the myocardial 
adaptations and dysfunction accompanying chronic 
aortic regurgitation, we studied serial changes in left 
ventricular mass and volume in 67 patients with this 
chronic volume overload who survived aortic valve 
replacement. There changes were correlated with 
postoperative clinical, haemodynamic, and histologi- 
cal data. Patients were divided into two groups: those 
in whom the left ventricular echocardiographic 
diameters returned to normal after operation (group 
A), and those with postoperative dilatation (group B). 
The postoperative end-diastolic diameter returned to 
normal in 51 patients (group À); a parallel reduction 
of left ventricular voltages and echocardiographic 
esumates of ventricular mass was noted in 86% of 
these cases. Out of the 16 pauents with postoperative 
ventricular dilatation (group B), 14 had satisfactory 
valve function. After valve replacement, patients in 
this group B had persistent or progressive 
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electrocardiographic abnormalities, unchanged esti- 
mates of ventricular muscle mass, altered segmental 
wall motion, and impaired haemodynamic responses 
to exercise. 

Left ventricular biopsies were obtained before and 
one year after operation from four patients in group A 
and from eight patients in group B. Mean postopera- 
tive muscle fibre diameter had regressed significantly 
to 23-4u in cases from group A, but remained mas- 
sively increased (mean 32:54) in patients from group 
B. Increased interstitial collagen, degenerative ultras- 
tructural changes, and reduced levels of myofibril- 
associated ATPase in pre- and postoperative biopsies 
correlated with impaired ventricular function and 
persistent dilatation and hypertrophy after surgery. 

Preoperative echocardiographic and angiographic 
data could define the type and degree of ventricular 
dysfunction which was irreversible. The histological 
alterations seen in pre- and postoperative biopsies 
from those patients who experienced no functional 
improvement suggest that irreversible morphological 
changes contribute to a depressed cardiac function 
after surgery. 


Relation between alcohol intake, myocardial dys- 
function, and myocardial tissue enzyme activities 


P J Richardson, A Wodak, Lynne Atkinson, D E 
Jewitt 
King's College Hospital, Denmark Hill, London 


The quantity of alcohol responsible for heart muscle 
disease in man is unknown. 

Thirty patients with suspected cardiomyopathy 
were studied by catheterisation and myocardial 
biopsy. Detailed drinking histories were taken by an 
independent observer. Myocardial tissue enzyme 
activities were measured. This study compared the 
results of these three independent investigations. 

Analysis of the drinking histories showed a clear 
division into two groups. Eleven patients (3696) con- 
sumed more than 80 g alcohol daily for 10 years and 
15 patients (50%) consumed less than 40 g alcohol 
daily for 10 years. Only four patients (1496) consumed 
40 to 80 g daily. Sixteen patients (5296) consumed in 
excess of 500 kg total lifetime intake of alcohol. 

Myocardial enzyme activities have previously been 
shown to separate alcoholic heart muscle disease and 
dilated cardiomyopathy. In this study creatinine kin- 
ase activity correlated with daily alcohol consumption 
(40 g p«0-02, 80 g p«0-005) and total cumulative 
alcohol intake (p<0-05). Furthermore, alpha 
hydroxybutyric dehydrogenase:lactate dehydrogenase 
ratio correlated with left ventricular ejection fraction 
(p<0-05). 
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In conclusion, drinking in excess of 80 g alcohol 
daily for 10 years or cumulative lifetime intake greater 
than 500 kg is likely to result in alcoholic heart muscle 
disease. Myocardial damage reflected in abnormal 
enzyme activity may be seen in patients consuming 40 
to 80 g alcohol daily. 


Effect of intravenous amrinone on resting 
haemodynamic function in patients with congestive 
cardiac failure 


P T Wilmshurst, D S Thompson, B S Jenkins, D J 
Coltart, M M Webb-Peploe 

Department of Cardiology, St Thomas’s Hospital, 
London 


The effect of intravenous amrinone on resting 
haemodynamic function was investigated in 15 
patients with congestive cardiac failure. 3-5 mg/kg 
amrinone produce appreciable and significant changes 
in cardiac index (4 10296), ejection fraction (4- 3696), 
systemic vascular resistance (—5796), mean arterial 
pressure (—20 mmHg), and left ventricular end- 
diastolic pressure (—9-6 mmHg). 1-5 mg/kg amronone 
produced similar but smaller changes (p<0-01). 
These alterations were accompanied by only small 
increases in heart rate (p« 0-01) and a small reduction 
in left ventricular end-diastolic volume (p« 0:02). No 


(mes Fiat) 


change in max dP/dt, min dP/dt, max 


(Œa), KVmax, or the ratio of left ventricular 


end-systolic pressure to left ventricular end-systolic 
volume occurred. It is concluded that the beneficial 
effects of intravenous amrinone on the resting 
haemodynamics in our patients were attributable to 
vasodilatation, with the drug having no demonstrable 
inotropic effect. 


Interaction between inotropism and vasodilatation 
in heart failure 


J Bayliss, M Norell, R Canepa-Anson, S Reuben, P À 
Poole-Wilson, G C Sutton 

Hillingdon Hospital, Uxbridge, Middlesex, and Car- 
diothoracic Institute, London 


Although drugs used in heart failure may have ino- 
tropic or vasodilator properties, their clinical effects 
in patients may be similar. Furthermore, a combina- 
tion of drugs with different pharmacological actions 
may be used to advantage. To examine these pos- 
sibilities, we compared a non-glycosidic non- 
adrenergic inotropic agent (amrinone) and a beta- 
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agonist (pirbuterol), with a venodilator (isosorbide 
dinitrate) added to each drug. 

After control measurements, oral amrinone (100 
mg) or pirbuterol (20 mg) were given in random order 
to each of 13 patients, on successive days with isosor- 
bide dinitrate (20 mg) given orally after two and a half 
hours. Control values were not significantly different 
before amrinone or pirbuterol were given. Significant 
(p<0-01) increases in cardiac index (63596. with 
amrinone, 5596 with pirbuterol) and falls in wedge 
pressure (27%, 19%), right atrial pressure - (16%, 
21%), and systemic vascular resistance (33%, 32%) 
occurred. Heart rate and blood pressure remained 
unchanged. The magnitude of the changes caused by 
amrinone and pirbuterol were not significantly differ- 
ent. The addition of isosorbide dinitrate caused 
further (p«0-01) falls in wedge and right atrial pres- 
sures, and a fall (p«:0-05) in heart rate with each drug. 
Other variables remained unchanged. 

Although amrinone and pirbuterol have different 
pharmacological properties, their acute haemo- 
dynamic effects in patients with chronic heart failure 
are indistinguishable. Both drugs produce an increase 
in cardiac output at lower filling pressure and sys- 
temic vasodilatation; the submaximal venodilatation 
may be enhanced by nitrates. 


Immunosuppressive-therapy in acute inflammatory 
myocarditis 


K Daly, P J Richardson; E G J Olsen, J Pattison, G 
Jackson, D E Jewitt 
King's College Hospital, Denmark Hill, London 


This study describes the diagnosis of acute myocar- 
ditis and its treatment with immunosuppressive 
therapy. Twelve patients with a recent history of an 
infectious illness presented with acute dyspnoea and 
evidence of biventricular heart failure. Cardiac 
catheterisation and left ventricular biopsies were per- 
formed in all patients. Left ventricular angiography 
and echocardiography were compatible with dilated 
cardiomyopathy. Histology showed evidence of acute 
inflammatory myocarditis in nine patients. Serology 
suggested a viral aetiology in six patients (Coxsackie B 
in five, Herpes simplex in one), of whom two had nega- 
tive biopsies. Seven patients were started on pred- 
nisone and azathioprine. Two patients received pred- 
nisone alone. 

After two months treatment nine patients were 
restudied and eight showed symptomatic and 
haemodynamic improvement with a fall in left ven- 
tricular end-diastolic pressure from 26-4 to 15-2 
mmHg, pulmonary artery systolic pressure from 40 to 
27 mmHg, and a rise in ejection fraction from 26-8 to 
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4996 and in cardiac index from 2-7 to 3-9 l/min per m. 
Histology in seven patients showed healing myocar- 
ditis. Two patients showed persisting acute myocar- 
ditis (one not treated, one on steroids alone). 

Serology and myocardial histology are complemen- 
tary in the diagnosis and management of this condi- 
tion. The results of treatment suggest a role for com- 
bined immunosuppressive therapy. 


Early and late results of surgical repair of lesions 
associated with corrected transposition 


Jennie Metcalffe, Jane Somerville 
Paediatric and Adolescent Unit, National Heart Hos- 
pital, London 


Nineteen patients, 15 male and four female, aged 13 
months to 47 years (mean 16 years) underwent surgi- 
cal repair of lesions associated with corrected trans- 
position. Ventricular septal defects were closed in 16 
(multiple in two) and 11 had pulmonary stenosis. 
Seven of the 19 patients had important left atrioven- 
tricular valve regurgitation, five requiring surgical 
correction. Conduction disturbances or arrhythmias 
were present preoperatively in eight: congenital com- 
plete heart block or complete atrioventricular dissoci- 
ation (five), established or intermittent atrial fibrilla- 
tion (three). Four patients had previous surgery: 
banding of the pulmonary artery (one) and systemic- 
pulmonary shunt (three). Seven perioperative deaths 
occurred, six resulting from low output state: failure 
to close multiple ventricular septal defects (one), new 
and precipitous onset of complete heart block (two), 
poor systemic ventricular function (one), and progres- 
sive haemodynamic deterioration (two). One death 
followed septic meningitis complicating temporary 
transvenous pacing. Perioperative onset of complete 
heart block occurred in five requiring permanent pac- 
ing. 

Twelve survivors were followed for three to eight 
years with postoperative cardiac catheterisation in 10 
at one to 36 months in addition to assessment with 
M-mode and two dimensional echocardiography, 
ambulatory monitoring, and exercise testing. Left 
atrioventricular valve regurgitation was present in 10, 
with subsequent valve replacement in one. Four late 
deaths occurred.at 15 months to four years resulting 
from indirect complications of permanent pacing 
(two), complex arrhythmias (one), and non-cardiac 
cause (one). Of the éight current survivors, four have 
severe residual left atrioventricular valve regurgitation 
(two with pacemakers), and only two are completely 
asymptomatic. 

The presence of conduction system abnormalities 
and the function of the left atrioventricular valve and 


Proceedings of the British Cardiac Society 


morphological right ventricle influence not only the 
natural history of patients, but also the unnatural his- 
tory of patients after surgical treatment of associated 
lesions in corrected transposition. The results of this 
series suggest that direct repair is indicated only in the 
severely symptomatic patients. 


Complications of long-term prostaglandin E, 
therapy in infants with complex heart disease 


P Morrell, G R Sutherland, H H Bain, S Hunter 
Freeman Hospital, Newcastle Upon Tyne 


The short term use of prostaglandin E, to maintain 
duct patency is well established in the treatment of 
duct dependent congenital heart disease. Few reports, 
however, exist of the effectiveness and complication 
rate of long-term PGE, therapy. 

Over the past three years, 31 such infants (average 
gestation 39 weeks, birth weight 3-0 kg) were started 
on oral prostaglandin E, therapy. Nineteen infants 
were treated for a period of less than seven days before 
palliative surgery. Apart from transient pyrexia these 
infants had no serious side effects. A further 12 
infants were maintained on oral prostaglandin E, long 
term (mean 28-5 days, nine with pulmonary atresia, 
two tricuspid atresia, one critical pulmonary stenosis). 
All developed side-effects attributable to oral prostag- 
landin E, therapy. Six infants had severe apnoeic 
episodes requiring resuscitation. Ten infants had 
recurrent pyrexias. Eight had intermittent diarrhoea 
(three with melaena). A further three infants 
developed a persistent severe metabolic acidosis 
(average duration of therapy 47 days) for which no 
other cause could be determined. All died as a result 
of this. 

We conclude that short term prostaglandin E, 
administration is both effective and safe. In our 
experience, however, its long-term use in infants with 
congenital heart disease is more hazardous than previ- 
ously reported. The mcidence and mechanism of the 
late spontaneous metabolic acidosis require further 
elucidation. 


Role of suprasternal two dimensional 
echocardiography in assessment of neonate and 
infant with congenital heart disease 


J F Smallhorn, J Huhtra, R H Anderson, F J 
Macartney 

The Hospital for Sick Children, Great Ormond 
Street, London 


Though two dimensional echocardiography has made 


95 


a major impact on the assessment of the sick neonate 
and infant, the main emphasis has been on intracar- 
diac anatomy demonstrated by subcostal and praecor- 
dial cuts rather than direct visualisation of supracar- 
diac structures. The aims of the study were to evalu- 
ate the ability of suprasternal echocardiography to 
demonstrate normal anatomy and to determine which 
anomalies could be visualised from this approach. 
Studies were made on a total of 193 cases. In 50 cases 
with normal supracardiac anatomy reliable delinea- 
tion was possible in all cases. In particular, the side of 
the aortic arch, brachiocephalic branching, and con- 
tinuity of the pulmonary arteries could be shown. 
Specific patterns were present for the majority of cases 
with supracardiac abnormalities. In the group, 15 
cases had total anomalous pulmonary venous drain- 
age, four aorticopulmonary window, 13 truncus 
arteriosus, 30 coarctation of the aorta, 15 pulmonary 
atresia, 50 persistent ductus arteriosus, 10 left 
superior vena cava to coronary sinus, two anomalous 
origin of left pulmonary artery from the aorta, and 
four interrupted aortic arch. 

Thus two dimensional echocardiography allows a 
reliable assessment of the normal supracardiac 
anatomy and enables the examiner to obtain detailed 
information about defects not available from the 
praecordial and subcostal windows. 


Demonstration of defects of interventricular sep- 
tum in adults by two dimensional echocardiography 


K Evemy, G Sutherland, S Hunter 
Freeman Hospital, Newcastle Upon Tyne 


The ability of two dimensional echocardiography to 
identify and classify ventricular septal defects in 
adults was studied prospectively in 56 patients (age 
range 15 to 78 years). Included were 41 patients with 
congenital heart disease (24 with isolated septal 
defects) and 15 patients with post-infaction defects. A 
multiplane scanning technique of examination was 
routinely recorded. Defects were considered 
identified only when consistently visualised in two 
echocardiographic planes. The echocardiographic 
findings were subsequently correlated with clinical, 
catheterisation, surgical, and postmortem informa- 
tion. 

Twenty-one congenital defects were identified and 
correctly classified. Defects associated with complex 
lesions or isolated Eisenmenger defects were reliably 
identified, as were isolated defects with Qp:Qs>2:1. 
All 11 isolated defects not identified appeared clini- 
cally small and in eight catheterisation demonstrated a 
Qp:Qs>1-6:1. 


Post-infarction defects in the trabecular septum 
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were identified in 13 patients, with the defect visual- 
ised in 10. In the remaining three patients contrast 
echocardiography demonstrated right to left ventricu- 
lar shunting. 

We conclude that two dimensional echocardiogra- 


phy is extremely effective in identifying and predict- : 


Notices 


The Fifth Symposium on Echocardiology will be held 
at the Erasmus University, Rotterdam, the Nether- 
lands, 22 to 25 June 1983. For further details, please 
write to Mr H Rijsterborgh, Erasmus University, Ee 
23023, PO Box 1738, 3000 DR Rotterdam, the 
Netherlands. 


Subacute bacterial endocarditis 


À survey is currently being carried out by the British 
. Cardiac Society and the Medical Services Study 
Group of the Royal College of Physicians. Though 
improvement of dental prophylaxis is one objective, 
the survey is already yielding other valuable informa- 
tion. It is hoped that proformas will be received in 
respect of a high proportion of patients with subacute 
bacterial endocarditis in the British Isles seen during 
1981 and 1982 and readers are asked to arrange for 
them to be submitted in respect of any cases that come 
to their notice. Proformas can be obtained from Sir 
Cyril Clarke, Medical Services Study Group, King's 
Fund Centre, 126 Albert Street, London NW1 7NF 
(tel. 01-267 6111, ext. 263) to whom they should be 
returned. 
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ing the haemodynamic significance of adult congenital 
ventricular septal defects. In addition, this study 
emphasises the value of two dimensional echocardiog- 
raphy in demonstrating post-infarction defects, either 


.by direct visualisation or by the use of contrast 


echocardiography. 


British Cardiac Society 


The Autumn Meeting will take place at Wembley on 6 
and 7 December 1982 and the closing date for receipt 
of abstracts is 11 August 1982. 

The Annual General Meeting for 1983 will take 
place in Bristol on 12 and 13 April, and the closing 
date for abstracts will be 4 January 1983. 

The Autumn Meeting will be held at Wembley on 
21 and 22 November 1983, and the closing date for 
abstracts will be 28 July 1983. 


International conference on cardiac arrest and 
resuscitation 


This conference, sponsored by the British Heart 
Foundation in association with the Community 
Resuscitauon Advisory Council, BASICS, and the 
Royal Postgraduate Medical School, Hammersmith, 
will be held in Brighton on 19 to 21 October 1982. 
Inquiries to: Conference Services Limited, 3 Bute 
Street, London SW7 3EY. 
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Two dimensional echocardiographic diagnosis of situs 


JAMES C HUHTA,* JEFFREY F SMALLHORN, FERGUS ] MACARTNEY 
From The Hospital for Sich Children, Great Ormond Street, London 


SUMMARY At present there is no reliable method of recognising atrial isomerism by two dimensional 
echocardiography. We therefore used two dimensional echocardiography to examine 158 patients 
including 25 with atrial isomerism and four with situs inversus. Particular attention was paid to the 
short and long axis subcostal scans of the abdomen. 

Using the position of the inferior vena cava and the aorta with respect to the spine it was possible 
. to separate those with situs solitus from the others. Two false positives for abnormal situs had 
exomphalos. In situs solitus the aorta lay to the left of the spine and the inferior vena cava lay to the 
right. One patient with situs solitus and azygos continuation of the inferior vena cava also had 
inferior vena cava to right atrial connection. In the four patients with situs inversus the mirror image 
of the normal pattern was present. 

In nine patients with right isomerism the inferior vena cava and aorta ran together on one or other 
side of the spine. The inferior vena cava, anterior to the aorta at the level of the diaphragm, received 
at least the right hepatic veins (normal or partial anomalous hepatic venous connection). 

Of the 16 patients with left isomerism, 14 had azygos continuation of the inferior vena cava which 
was visualised posterior to the aorta in all but two. All patients with left isomerism had total 
anomalous hepatic venous connection to one or both atria via one or two separate veins.' 

Two dimensional echocardiography therefore provides the means of detecting abnormal atrial 
situs and of diagnosing right or left isomerism in the great majority of patients, if not all. 


Accurate determination of atrial situs is the foun- abnormal situs. Over this five month period 18 addi- 

dation of a segmental approach to the diagnosis of tional patients were diagnosed prospectively as having 

congenital malformations and malpositions.‘~* Many abnormal situs and were correctly categorised into 

clinical clues are available for the recognition of those with situs inversus, right isomerism, or left 

patients with abnormal situs, and the importance of isomerism. - 

identifying left and right isomerism has been empha- The purpose of this study was to consider criteria 

sised by many authors.5 5 A non-invasive examina- for the two dimensional echocardiographic assessment 

tion such as two dimensional echocardiography which of situs. Two questions were considered. 

could be used routinely-fo determine situs would be (1) Can two dimensional echocardiography be used 

very useful. At present, the aimi ad atrioven- accurately to separate patients with abnormal situs 

tricular connection by two dimensional echocardi- from those with situs solitus? 

ography is speculative and other techniques are neces- and, if so, 

sary to assign atrial situs.2~!° Alerted to the presence (2) Can those criteria be used further to subdivide 

of abnormal situs, the echocardiographer will pay par- — the abnormal situs patients into those with situs inver- 

ticular attention to the systemic and pulmonary ven- sus, right isomerism, and left isomerism? 

ous connections. 

To investigate the diagnosis of situs by two dimen- Subjects and methods 

sional echocardiography we examined 158 consecutive 

patients including 11 who were known to have Between September 1981 and January 1982, 158 con- 
! secutive patients had a two dimensional echocardi- 

*Present address: Texas Children's Hospital, Pediatric Cardiology, 6621 Fannin, — ographic examination at The Hospital for Sick Chil-. 

Houston, Texas 77030, USA. dren, Great Ormond Street, by one of us (JCH or 

Accepted for publication 15 April 1982 JFS). The ages of the patients ranged from 1 day to 16 
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years, with a mean age of 2-9 years. Forty-three per 
cent were under 1 year of age. A complete examina- 
tion was performed in each patient, including sub- 
costal, parasternal, apical, and suprasternal views. 
Sequential analysis of the anatomy was performed 
using the terms and definitions suggested by Tynan et 
al.'? Particular attention was paid to the short and 
long axis subcostal scans of the abdomen and the sys- 
temic venous return. In order to recognise absence of 
the inferior vena cava immediately inferior to the car- 
diac atria it was important to recognise positively the 
crus of the diaphragm, which could superficially 
resemble a venous structure. During this ume, 11 
patients previously diagnosed as having abnormal 
situs were recalled and also examined by two dimen- 
sional echocardiography in the same way without 
knowledge of the type of situs abnormality. 

Patients excluded were those without confirmation 





Fig. 1 Two dimensional echocardiographic appearance of situs 
solitus. In the short axis subcostal view (upper panel) the aorta 
(Ao) and inferior vena cava (IVC) are symmetrical with respect 
to the spine (S) with the aorta to the left (L) and the liver 
lateralised to the right (R). In the long axis (lower panel) the 
infenor vena cava receives the hepatic veins (HV ) and connects 
to the right atrium (RA). A, anterior; I, inferior; P, postenor; 5, 
supenor. 
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of situs by either filtered beam high kilovoltage chest 
x-ray,!? surgery, or necropsy.'? 

Eight patients had necropsy confirmation of situs 
including three with left isomerism, and 39 pauents 
had open heart surgery. 


Results 


DIAGNOSIS OF SITUS BY TWO DIMENSIONAI 
ECHOCARDIOGRAPH Y 


There was a typical appearance of the two dimen- 
sional echocardiographic short axis subcostal view of 
the abdomen in the patients with situs solitus (Fig. 1). 
At approximately the level of T10, the aorta lay to the 
left of the spine, being recognisable by its typical sys- 
temic arterial pulsation. The inferior vena cava was 
located opposite to the aorta on the right of the spine 
and was further identified by long axis subcostal views 
showing the right hepatic venous connection and 
inferior vena cava to the right atrial junction. 





Two dimensional echocardiographic appearance of situs 
inversus. A mirror image of the situs solitus pattern 1s present in 
the short axis view (upper panel) with the aorta (Ao) on the nght 
( R). The left sided inferior vena cava (IVC) receives hepatic 
veins (HV) and connects to the morphological right atrium (RA). 
(Abbreviations as in Fig. 1.) 


Fig. 2 


Two dimensional echo and situs 








Table 1 Inferior vena cava/aorta position 

Infenor Inferior Other Totals 

vena cava/ vena cava 

aorta aorta 

symmetry — run 

together 

Inversus 4 0 0 4 
Right isomerism 0 9 0 9 
Left isomerism 0 | 15 16 





Patients with situs inversus were found to have a 
mirror image of the situs solitus pattern (Fig. 2), with 
the aorta to the right and the inferior vena cava to the 
left, both vessels again being symmetrically disposed 
with respect to the spine (Table 1). The hepatic ven- 
ous connections and the inferior vena caval to right 
atrial junction also formed the mirror image of situs 
solitus with the hepatic veins connecting to the 
inferior vena cava or joining the atrium with the 
inferior vena cava. 

Right or left isomerism could be diagnosed by the 
abnormal position of the inferior vena cava and aorta 
in the abdomen. These two entities could then be 


= 
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distinguished by the type of positional abnormality 
combined with the pattern of hepatic venous and 
inferior vena cava to right atrial connection. 

In right isomerism, the aorta and inferior vena cava 
ran together at the subcostal level, with the aorta 
posterior, either to the right or left of the spine (Fig. 3 
upper panels). The right hepatic vein connected to the 
inferior vena cava and could be visualised on the same 
side of the spine (Fig. 3 lower panels), (Table 1). 

In left isomerism, the aorta was usually midline (13 
patients), though it was to the right in two and to the 
left in one. No normal inferior vena cava was seen on 
this level. Instead azygos continuation of the inferior 
vena cava posterior to the aorta, either to the left or 
right of the spine, was present in 14 patients (Table 1; 
Fig. 4 upper panels). In two of these patients the 
azygos vein was not visualised and only the midline 
aorta could be seen. In the two remaining patients the 
suprarenal inferior vena cava connected to the inferior 
aspect of the atrium (left sided in one and right sided 
in one). 

The crus of the diaphragm appeared as an echo free 
line close to the anticipated position of the normal 
inferior vena cava immediately below the cardiac 


Fig.3 Two dimensional echocardiographic appearance of right isomerism. The aorta (Ao) and inferior vena cava (IVC) run 
together with the inferior vena cava anterior and lateral either to the left (L) ( left upper panel) or to the right (R) (right upper 
panel). The inferior vena cava receives hepatic venous connection ( HV ) and connects to the infenor aspect of the morphological 
nght atnum (MRA) (lower panels). Note that the inferior vena cava and aorta may be visualised in the same scan. 

(Abbreviations as in Fig. 1.) 


A 
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Fig. 4 Two dimensional echocardiographic appearance of left isomerism. The aorta (Ao) is usually mdline and an azygos 
continuation of the inferior vena cava (Az) is often present located posterior (P) either to the left (L) or the right (R) (upper panels). 
Total anomalous hepatic venous connection to a morphological left atrium (MLA) is present either as two separate hepatic veins ( HV) 


(left lower panel) or a single vein (right lower panel). 


atria, but connected neither to the atria nor to any 
other vessels (Fig. 5). In all patients with left isomer- 
ism, including the two with the inferior vena cava 
entering the left or right sided atrium normally, one 
or two hepatic veins connected to the atrium sepa- 
rately from the other systemic venous return (Fig. 4 
lower panels). The identity of the azygos continuation 
located posterior to the aorta was confirmed by 
echocardiographic contrast injection into the femoral 
vein in one patient. 


NORMAL VS ABNORMAL SITUS 

The wide range of congenital cardiac disease encoun- 
tered in the 129 patients with situs solitus is shown in 
Table 2. These patients were compared with those 
with abnormal situs (inversus, right isomerism, or left 


isomerism) shown in Table 3. The ability of two 
dimensional echocardiography to separate these two 
groups is shown in Fig. 6 where abnormal situs is 
shown as a positive test and situs solitus as a negative 
test. There were no false negative diagnoses of 
abnormal situs and two false positives; these two 
patients both had exomphalos and malpositioned 
abdominal viscera. The usual pattern of situs solitus 
by two dimensional echocardiography was not present 
though atrial situs solitus was confirmed at necropsy 
in both. The intracardiac abnormalities were correctly 
predicted. 

One patient had the typical symmetrical position of 
the inferior vena cava and aorta in the abdomen, but, 
in addition, a second venous structure was imaged to 
the right of and posterior to the aorta. This was cor- 


Two dimensional echo and situs 


Fig. 5 Long axis subcostal scans in left isomerism should 
identify the aorta (Ao), crus of the diaphragm (C), and hepatic 
venous connection (HV ) to the morphological left atrium (MLA) 
(upper panel). Scanning laterally the azygos continuation of the 
infenor vena cava (Az) is visualised if present (lower panel). 


Table 2 Two dimensional echocardiographic findings in 129 
patients with situs solitus 








Apex Aortic arch 

Left Right Left Right 

126 3 120 9 

Amoventricular connection Univentricular 

Concordant Discordant 2 AV Absent CAVO 
valves connection 

114 l 3 10 | 

Ventnculoartenal connection 

Concordant Discordant DORV Single outlet 

88 26 9 z 





Isolated VSD, 31; persistent ductus arteriosus, 17 (isolated in eight); 
tetralogy of Fallot, 12; TAPVC, 10; DORV, 9; pulmonary stenosis, 
8; aortic stenosis, 7; atrioventricular septal defect, 4; others, 15 


Abbreviations: AV, atrioventricular; CAVO, common atrioventricular valve 
orifice; DORV, double outlet right ventricle; TAPVC, total anomalous pulmo- 
nary venous connection; VSD, ventricular septal defect 


rectly predicted as situs solitus with right azygos con- 
tinuation of the inferior vena cava plus the normal 
inferior vena cava to right atrial connection and was 
confirmed by angiography and at surgery. 
Dextrocardia was present in three patients with 
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situs solitus and six patients with abnormal situs. This 
did not present any difficulty in the segmental 
approach to diagnosis by two dimensional echocar- 
diography. Care was necessary, however, to trace the 
inferior vena cava to right atrial connection correctly. 

The liver was lateralised to the right in all patients 
with situs solitus except the two patients with exom- 


phalos. 


ABNORMAL SITUS 

There were 29 patients with abnormal situs including 
four with situs inversus, nine with right isomerism, 
and 16 with left isomerism. The two dimensional 
echocardiographic criteria which could be easily 
obtained in all patients were analysed for the ability to 
separate the three types of abnormal situs. 


HEPATIC POSITION 
The hepatic position was lateralised in all with situs 
inversus (to the left), but did not discriminate left 
from right isomerism (Table 4). 

A midline liver was present in 18 patients with 
atrial isomerism (72%). 


SYSTEMIC VENOUS RETURN 

Although azygos continuation was present in one 
patient with situs solitus and is not the sine qua non of 
left isomerism, it was present in all but two patients 
(right sided in five, left sided in eight, and bilateral in 
one) (Table 5). 

In the patient with left isomerism and bilateral 
azygos continuation the short axis scan of the abdo- 
men showed the aorta to be midline with a posterior 
azygos vein on the left, an additional venous structure 
to the right, and no normal inferior vena cava entering 
the atrium. The azygos continuation could be traced 
to the junction with the ipsilateral superior vena cava 
or atrium in only two patients (Fig. 7) 

The types of hepatic venous connection (Table 6 
encountered were as follows. 

(1) Normal, with the hepatic veins connecting to 
the inferior vena cava at or near the entry into the 
right atrium, 

(2) Normal connection of some hepatic veins to the 
inferior vena cava with separate connection of other 
hepatic vein(s) directly to an atrium (partial anomal- 
ous hepatic venous connection) or, 

(3) Separate hepatic venous connection directly to 
an atrium via one or more veins (total anomalous 
hepatic venous connection). 

All of the patients with right isomerism had connec- 
tion of some or all of the hepatic veins to the inferior 
vena cava which then connected to the right sided 
atrium while all of those with left isomerism had total 
anomalous hepatic venous connection. In the patients 
with a common atrium or only a small remnant of 
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Table 3 Two dimensional echocardiographic findings in 29 patients with abnormal situs 
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flex Age Bubcostal short 





— Rane enmt — Apex AY connection YA connection E Aum on Um SX OE St. Reino “2S 
1 M6y Joe SS, A R Concordant Pisaordant R No N L R Intact L YSD.Inlet PM 
2 nay IVC R — UV-Absent L DOMO R Eo N L N ASD L 
5 M 3mth | R arre Concordant L No N BL N 45D L VSD-Inlet PH in 
& M Wy L UV-absaent L Tiscordant R No X L N ASD L 

RIGHT-ISOMERISM * connection 
5 P 2 mth je Aw L — UV-CAVO DONC L Xo N Bijat *N* SR ML FDA 
6 N 1 wk ION ISOLA L  UV-CAVO DONG R Ro N 8 "y" Btrand HL — PS 
7 M By SR L  UY-CAVO Single outlet B Eo N MD o*NU SR ML PA 
8 F9 y ` bv L — Anbiguous/AVD DORV R No N R "y" SR L VSD, P8 
9 Mey. eve — UU PO W-CAYO DONC R No NH R PAPVC CA KL PS 
10 M 12 mth SX NO L ambiguous DORV L No N R  TAPVC-RA CA ML n 
^" HM 6 vk L Ambiguous/AVD Discordant L No PAHVC R sge CA ME PA 
^? P 30pth R — UV-CAYO Single outlet R No H  Bilat "N° Btrand Mm PA 
13 H 14d L  Uv-CAVO Bingle outlet L No EH R "g" 8R M, FS 

LEFT ISOMERISM Ag Aw, 
18 Y 14 to EN L Anbiguous DORY L L (eta) PAPVGO Intact ML PS-seovere . 
^5 F Wy AS L = ambiguous TORY R L TAHVO L — = ML = YSD-Inlet Pi 
16 F anth ` R Aabiguous/AYD DORY L L TAHVO Bilat W CA ML 
^? MOB y OR R Andi guous Sencerdant a L TANYC L 8 aD ML YSpn-iniet 
18 N? y Aw, R — Ambiguous Concordant R L TAHVO L N Intact R Subaortic stenosis 
19 FP 6 y pz L Anbiguous Concordant L L TAHYC Bilat N ABD ML 
20 P 12 mth ^. L Arbiguous Concordant L L TAHVC Bilat N ASD ML — LSVC.CS ' 
21 M 37 X L Asbiguous Concordant L Bilat TAHVC Bilat E nc — R E SubAo, stenosis, 
22 Y Wy as L Amhiguous/a¥D Concordant L L TAHVC Bilat WN * = Mi ae orifice mitral 
23 M 9 ye ON L  Ambigudua Concordant L R TAHVO R N yu Intact KL VBD 
mM Sy V L Ambiguous/AVD Concordant R & ——— PAFYG 8R L Tetralogy 
25 F wy L  anbiguous DORY L R TAHVC B PAPVC Intact HL vop 
26 " 6 ux Se L ^ Axbiguous/AVD Discordant L R TAHYC R PAPUC Ca ML Necropsy 
22 y 15 y | E L Ambiguous/AVD Discordant L R TAHVO BÈ N SR ML Downe orifice mitral 
mH 14 we Quy L Ambiguous Single outlet R a0) — E 482 ML — VED, Ph - necropsy: * 
a9 1d L Ambiguous/AYD DORY L QN o) TAHVO Bilat PAPYC CA ML PS ~ necropsy 


Abbreviations: Ao, aorta; AVD, atrioventricular septal defect (partial or complete); ASD, atrial septal defect at fossa ovalis; Bilat, bilateral; CA, common atrium; 
CAVO, common atrioventricular valve orifice; CS, coronary sinus; DOMC, double outlet main chamber; DORV, double outlet right ventricle; d, days; F, female; I, 


inferior; IVC, inferior vena cava; L, left; LIVC, left inferior vena cava; LSVC, left superior vena cava; M, male; ML, midline; mth, months; ND, not defined; N 
normal; PAHVC, partial anomalous hepatic venous connection; PAPVC, partial anomalous pulmonary venous connection; PA, pulmonary atresia; PM, perimembran- 
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ous; PVC, pulmonary venous connection; R, right; RIVC, right inferior vena cava; S, superior; SR, superior rim of interatrial septum; TAHVC, total anomalous 
hepatic venous connection; TAPVC, total anomalous pulmonary venous connection; UV, univentricular atrioventricular connection; VSD, ventricular septal defect; 
wk, weeks; y, years; “N”, total anomalous pulmonary venous connection to a confluence which communicates directly with the left sided atrium in right isomerism. 


atrial septum secundum it was difficult confidently to 
assign the hepatic venous connections to the right 
sided or left sided atrium. 

Superior systemic venous connections (Table 7) were 
imaged in all patients. Bilateral superior venae cavae 
were present in 14 of the patients with atrial isomer- 
ism (43%). In the patient with bilateral azygos con- 
tinuation, the left superior vena cava received the 
azygos vein and then drained to the coronary sinus, 
whereas the right superior vena cava entered the right 
atrium directly. 

In three of the 10 patients with bilateral superior 
vena cava, no bridging innominate vein was identified 
by two dimensional echocardiography or angi- 
ography. . 

A coronary sinus was identified by two dimensional 
echocardiography in all of the patients with situs 


inversus and in three patients with left isomerism 

(Fig. 8), two with a left superior vena cava connecting- 
it. 

PULMONARY VENOUS CONNECTION 

Patterns of partial and total anomalous pulmonary 

venous connection were identified in the patients with 

atrial isomerism as well as in the normal subjects (Fig. 

9). Normal connection was present in all four patients 

with situs inversus (Table 8). 

Seven patients with right isomerism had a pattern 
of total anomalous pulmonary venous connection to a 
confluence which connected directly to the left sided 
atrium, two had pulmonary veins connecting to both 
atria, and one had total anomalous pulmonary venous 
connection to the right sided atrium. Ten of the 
patients with left isomerism had an entirely normal 


Two dimensional echo and situs 


Diagnosis of abnormal situs 
2-D echo vs x-ray /necropsy 
2- D Echo 


— 








X-ray /necropsy 
+ 


Fig. 6 Detection of abnormal situs by two dimensional 
echocardiography (2-D echo) compared with high kilovoltage 
chest x-ray necropsy findings. Twenty nine patients had abnormal 
situs (true positives) and 127 had situs solitus (true negatives). 
The two false positives were in patients with exomphalos and 
displacement of the abdominal viscera. Abnormal situs = a 
positive test. 


Table 4 Hepatic position 














Right Left Midline Totals 
Inversus 0 4 0 4 
Right isomerism 2 2 5 9 
Left isomerism 2 l 13 16 
Table 5 Azygos continuation 

None Unilateral Bilateral Totals 
Inversus 4 0 0 4 
Right isomerism 9 0 0 9 
Left isomerism 2 13 l 16 





pulmonary venous connection. Thus, pulmonary 
venous connection did not aid in situs identification, 
though connection of pulmonary veins to a confluence 
behind the heart, and thence to a left sided atrium, 
should suggest right isomerism. 


ATRIAL SEPTUM MORPHOLOGY 
There were five patterns of atrial septum morphology 
which could be readily identified in patients with 
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Fig.7 Identification of azygos connection in a 3-month-old girl 
with left tsomerism and a common atnoventricular valve orifice 
and common atrium (CA). The azygos (Az) joins the left superior 
aspect of the common atrium. A left superior vena cava (LSVC) 
enters separately (lower panel). Note the left atnal appendage 
(LAA) and hepatic venous connection (HV). 


Table 6 Heptic venous connection 











Normal PAHVC TAHVC Totals 
Inversus 4 0 0 4 
Right isomerism 8 l 0 9 
Left isomerism 0 0 16 16 





PAHVC, partial anomalous venous connection (not all hepatic 
veins connect to the inferior vena cava); TAHVC, total anomalous 
hepatic venous connection. 


abnormal situs ( Table 9; Fig. 10). 

The atrial strand seen in two patients with right 
isomerism is frequently found with this type of 
situs. !4 

We have succeeded in visualising the atrial appen- 
dages in some neonates (Fig. 11), including one 
patient with left isomerism. The recognition, how- 
ever, of distinctive atrial appendage characteristics 
routinely 1s not yet feasible non-invasively. 
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Table 7 Superior systemic venous connections 








RSVC LSVC Bilateral SVC Totals 
Inversus 0 4 0 4 
Right isomensm 3 0 6 9 
Left isomerism 4 4 ~ 16 





LSVC, left superior vena cava only; RSVC, right superior vena 
cava only; Bilateral SVC, superior vena cavae on the left and right 
with or without a bridging innominate vein. 


Discussion 


The sequential method of classifying congenital heart 
disease introduced by Van Praagh et al.? 1s based on a 
knowledge of atrial situs. This approach has been 
extended trom descriptions of pathological material to 
the diagnosis of cardiac abnormalities diagnosed 
preoperatively. Angiography has been used to do this 
in the past and the separation of atrial situs into sol- 
itus, inversus, and ambiguus has been attempted.'* !* 
The close correlation of bronchial and atrial situs has 
allowed situs to be determined with a chest radio- 
graph though special techniques are necessary in 
infants and young children. '? 

M-mode echocardiography has been applied to 
sequential cardiac diagnosis! '" but is severely 
limited and of no use in determining atrial situs. 

Many correlates exist which might be used to pre- 
dict the atrial situs. These include: (1) splenic 
status® '8; (2) lung lobation; (3) position of abdominal 
viscera, which has been shown to lack accuracy! 5; (4) 
bronchial morphology which has a high correlation with 
atrial situs!? !? and has the advantage of being non- 
invasive. 

Other correlates which have been studied include: 
(5) pulmonary venous connection; (6) presence or absence 
of coronary sinus!?^; (7) pulmonary artery morphology’; 
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(8) systemic venous connection '*; and (9) electrocardio- 
gram P wave axis. ?? Becker and Anderson?! suggested 
that, (10) hepatic atrial connection may be uniform in 
right isomerism. Elliott et al.?? showed that forward 
venous angiography was valuable in diagnosing right 
isomerism and described (11) position of the inferior 
vena cava and aorta as "the aorta seeking out" the 
inferior vena cava in the abdomen. 

Two dimensional echocardiography is an excellent 
method of imaging intra- and extracardiac thoracic 
structures and is equally suited for displaying denser 
structures such as the liver. Therefore, we used two 
dimensional echocardiography to assess (3), (5), (6), 
(8), (10), and (11) to predict atrial situs thereby. 

This investigation extends the non-invasive diag- 
nosis of situs in two important directions. Firstly, the 
position of the inferior vena cava and aorta alone has 
been shown reliably to separate those patients with 
situs solitus from those with either situs inversus or 
atrial isomerism (situs ambiguus) and to be specific 
for situs inversus. Right isomerism has a typical pat- 
tern by two dimensional echocardiography using this 
criterion and would have been adequate on its own 
apart from one exception in this study. All previous 
detailed studies of situs have lacked information con- 
cerning the in vivo position of the great vessels in the 
abdomen. Tomographic methods such as computer- 
ised tomographic scans and two dimensional echocar- 
diography now allow non-invasive determination of 
these details which have previously been recognised to 
be important indicators of situs. ?? 

The level of the diaphragm (approximately T 10) is 
an important location for making these observations. 
Between the level of the renal veins and this location 
the suprarenal segment of the inferior vena cava 
(deriving from the subcardinal system) normally con- 
nects to the hepatic veins and the atrium. If there is 
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Fig.8 Dilated coronary sinus (CS) in a 3-year-old boy with left isomerism and bilateral azygos continuation (case 21). 
Note the presence of subaortic stenosis (left panel). The coronary sinus to right sided morphological left atrium (Rt MLA) 
junction (right panel) was present and did not aid in separating left isomerism from situs solitus. LA, left atnum; LV, left 
ventricle; MV, mitral valve; RV, nght ventricle; VS, ventricular septum. 
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Fig. 9 Examples of total anomalous pulmonary venous connection to the right side of a common atrium (CA) tn 


right isomerism (left upper and lower panels). Partial anomalous pulmonary venous connection of the left 
pulmonary veins (PV) to the right atrium in left isomerism (right upper panel). A pulmonary venous confluence _ 
(PVC) (right lower panel) was present in many patients with right isomerism even when the drainage was to the left 
sided atrium. Rt MLA, right sided morphological left atrium; SR, superior rim; LV, left ventricle. 


Table 8 Pulmonary venous connection 


Normal PAPVC TAPVC Totals 
Normal 4 0 Ü 4 
Right isomerism 0 l 8* 9 
Left isomerism 10 5 l 16 
*Seven connecting to left sided morphological right atrium, 
PAPVC, partial anomalous pulmonary venous connection; 


TAPVC, total anomalous pulmonary venous connection. 


azygos continuation of the inferior vena cava (deriving 
from the supracardinal system) it will often enter the 
thorax with the aorta through the aortic hiatus of the 
diaphragm.?? The azygos continuation was detected 
at this level in nearly all patients in this study. 
Secondly, the patterns of the inferior vena cava 
connection to the atrium and hepatic venous connec- 
tion aided in separating the rare patient with situs 
solitus and azygos continuation from those with left 
isomerism. In addition, though two patients with left 
isomerism had no azygos continuation and the aorta 


and inferior vena cava ran together in one, there was a 
totally separate hepatic venous connection. There- 
fore, total anomalous hepatic venous connection was 
specific for left isomerism. 

The complexity of the systemic venous anomalies in 
atrial isomerism serves to support the view that not all 
patients fall into the category of either solitus or inver- 
sus. These data strongly support the view that there 
are four types of situs and that certain aspects of sys- 
temic venous return are typical for each type includ- 
ing those with atrial isomerism. For example, all 
patients with right isomerism had at least a right 
superior vena cava plus a normal “right” type of hepa- 
tic venous and inferior vena cava to right atrial con- 
nection. Partial anomalous hepatic venous connection 
is known to occur in right isomerism’? and was pres- 
ent in one patient, but total anomalous hepatic venous 
connection was not seen. We have observed that the 
hepatic venous morphology is typical of a right hepa- 
tic vein in right isomerism, situs solitus, and situs 
inversus but is atypical in left isomerism. 


106 Huhta, Smallhorn, Macartney 


Table 9 Atrial septum morphology 








PFO intact Secundum ASD Common atrium Supenor nm Strand Totals 
Inversus ] » 3 0 0 0 
Right isomerism 0 0 3 4 2 9 
Left isomerism 5 5 3 3 0 16 


—— atrial septal defect; PFO, patent foramen ovale, Common atrium. superior rim, and strand all occurred with atrioventricular septal 
defects. | 
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Fig. 10 Five types of atrial septum (AS) morphology found in atrial isomerism. Intact septum (left upper), secundum atrial 
defect (ASD) (nght upper), common atrium (CA) (left lower), superior rim (SR) of atrial septum (middle lower), and strand 
(S) (right lower). LA, left atrium; Rt LA, right sided morphological left atrium. 








We do not know if all patients with situs solitus and 
azygos continuation also have a small or rudimentary 
remnant of inferior vena cava which connects in the 
normal way after receiving hepatic venous connec- 
uon. The patient shown in Fig. 12 with situs solitus 
and a normal inferior vena cava together with 
hemiazygos continuation illustrates this possibility. 
Though we have not examined this patient by two 
dimensional echocardiography this represents one 
situation where subcostal scans should identify the 
inferior vena cava but, if it were hypoplastic, a false 
positive diagnosis of left isomerism might be made. 
We continue to use the high kilovoltage chest radio- 
graph to diagnose situs in such questionable cases. 





Fig. 11 Two dimensional echocardiographic appearance of 


atrial appendages in situs solitus. Note the broad, blunt The prevalence of abnormalities of situs is not well 
appearance of the right atrial appendage ( RAA) and narrow defined because not all are associated with congenital 
pointed appearance of the left atrial appendage (LAA). PT, cardiac defects which, in the past, have led to inves- 


pulmonary trunk. tigative procedures. Based on the knowledge we have 
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Fig. 12 Angiographic appearance of suprarenal inferior vena 
cava (IVC) (arrows) and hemiazygos continuation of the IVC 
(AZ) in a patient with situs solitus. Atresia or severe hypoplasia 
of the region indicated could mimic left isomerism. 


gained in this investigation we would predict that 
more cases of abnormal situs will be recognised with 
the aid of two dimensional echocardiography. Two 
patients in the series whose situs was thought to be 
solitus have been followed in our clinic for relatively 
minor congenital defects. One had had previous 
angiography and open heart surgery yet filter films of 
both bronchi showed left isomerism in both. Compar- 
ing previously reported pathological series of isomer- 
ism, one finds a ratio of nearly 3:1 for right/left isom- 
erism in necropsy material, whereas the ratio is nearly 


reversed when the diagnosis is made before death. 
This suggests that the prevalence of left isomerism is 
AORTA =- IVC 
ABDOMINAL 
POSITION 
/\ ASYMMETRIC 
AORTA LEPT AORTA RIGHT AORTA - IVi AORTA /AZYGOS 
7 Ñ CONTINUATION 
NOT TAHVC TAHVC TANHVC NOT TAHVC 
SOLITUS INVERSUS RIGHT ISOMERISM LEFT ISOMERISM 50LI 


107 


much higher than right isomerism, as found in life by 
Partridge et al.* and Deanfield and colleagues.'? This 
undoubtedly reflects the poorer prognosis of right 
isomerism, and the resultant higher incidence of hos- 
pital necropsy. 

We suggest a two dimensional echocardiographic 
approach to the diagnosis of situs as outlined in Fig. 
13. Assessment of the aorta/inferior vena cava relation 
in the subcostal position immediately separates those 
patients with symmetric appearance of the great ves- 
sels, who have situs solitus or inversus, from those 
with an abnormal appearance. If the aorta and inferior 
vena cava run together, then atrial isomerism is 
almost certainly present unless some other condition 
such as exomphalos exists to disturb abdominal great 
vessel relations. Long axis subcostal views are then 
used further to identify the venous structures and to 
examine the hepatic venous connection. If there is 
total anomalous hepatic venous return, the diagnosis 
is left isomerism. Most of these patients will have an 
interrupted inferior vena cava. If there is not total 
anomalous hepatic venous return the diagnosis is 
almost certainly right isomerism or lateralised situs, 
which are distinguished as already described. Further 
studies in a larger number of patients will be required 
to answer the question of whether the hepatic veins 
ever connect to the inferior vena cava in patients with 
left isomerism. If only the aorta can be visualised and 
the hepatic veins all appear to connect anomalously, 
then the most likely diagnosis is left isomerism with 
azygos continuation, though we would use the bron- 
chial morphology as an aid in such circumstances. 


We thank Dr F Arensman, Harefield Hospital, for 
permission to examine case 4. 

Dr J € Huhta was a British Heart Foundation 
Overseas Fellow. Professor F J Macartney is sup- 
ported by the Vandervell and British Heart 
Foundations. 


Fig. 13 Two dimensional 
echocardiographic approach to the 
diagnosis of situs based on long and short 
axis subcostal views. Abnormal situs is 
detected by the asymmetry of the short axis 
view and further delineation is possible 
based on the presence or absence of total 
anomalous hepatic venous connection 
(TAHVC). 
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Isolated anterior mitral cleft 

Two dimensional echocardiographic assessment and 
differentiation from “‘clefts”’ associated with 
atrioventricular septal defect 


JEFFREY F SMALLHORN, MARC DE LEVAL, JAROSLAV STARK, JANE SOMERVILLE,* 
JAMES F N TAYLOR, ROBERT H ANDERSON, FERGUS J MACARTNEY 


From the Thoracic Unit and Department of Paediatric Cardiology, The Hospital for Sick Children, Great Ormond 
Street, and the National Heart Hospital, Westmoreland Street, London 


SUMMARY Five patients with isolated clefts in the anterior leaflet of the mitral valve, unassociated 
with atrioventricular septal defects, are described. All had significant mitral regurgitation, with the 
cleft being the only abnormality in three. Two patients had an associated ventricular septal defect, 
one with a straddling right atrioventricular valve. Angiocardiography in four showed moderate 
regurgitation, but was not able to delineate the aetiology. Two dimensional echocardiography 
showed a constant defect in the anterior leaflet, pointing towards the left ventricular outflow tract. 
This differed from 30 cases with atrioventricular septal defects where the "cleft" pointed towards 
the interventricular septum and was situated between the anterior and posterior bridging leaflets. All 
cases with isolated clefts had surgical correction, with minimal residual regurgitation on follow-up 
examination in two cases. Our current policy in patients with uncomplicated isolated cleft involves 
non-invasive assessment of these children and surgical correction if the regurgitation is significant. 


Most cardiologists and surgeons have adopted a con- 
servative approach to the child with mitral regurgita- 
tion. This is justified as the prospect of mitral valve 
replacement in this age group is not to be considered 
lightly, in view of the problems associated with 
prosthetic valves.! Reconstructive surgery may prove 
to be possible, but usually this cannot confidently be 
decided before operation on the basis of traditional 
investigational techniques. So the child goes for oper- 
ation in an atmosphere of uncertainty, with all those 
involved hoping, but usually not knowing, that recon- 
structive surgery will be possible. 

Part of the basis for uncertainty is the wide variabil- 
ity of anatomical substrates for congenital mitral 
regurgitation. This may be produced by redundant 
and deficient chordae tendineae, parachute mitral 
valve and its variants, anomalous mitral arcade, 
floppy mitral valve, and, rarely, Ebstein's anomaly of 
the mitral valve.? ? 

— address: National Heart Hospital, Westmoreland Street, London W1M 
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An isolated cleft in the anterior (aortic) leaflet of the 
mitral valve is an uncommon cause of regurgitation, 
the cleft always pointing towards the left ventricular 
outflow tract. But it is an important lesion because it 
is potentially correctable.* 

In the past, M-mode echocardiography has pro- 
vided functional information about mitral regurgita- 
tion, but apart from mitral valve prolapse has yielded 
little morphological detail as to the exact nature of the 
lesion.5 Angiocardiography has permitted recognition 
of some specific varieties of congenital mitral valve 
disease, but has proved singularly unsuccessful in the 
recognition of isolated mitral cleft.5 In contrast, two 
dimensional echocardiography should enable recogni- 
tion of an isolated cleft. 

We have treated a group of children where the 
mitral regurgitation was the result of a localised cleft 
in the anterior leaflet, unassociated with atrioventricu- 
lar septal defects. We now describe their preoperative 
assessment, surgical management, and our current 
approach to the problem. 
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Subjects and methods 


All patients with isolated anterior mitral clefts 
attended the congenital heart clinics of The Hospital 
for Sick Children, Great Ormond Street, or the 
National Heart Hospital, Westmoreland Street. In all 
cases a clinical diagnosis of mitral regurgitation had 
been made and’ radiological evidence. of left ventricu- 
lar enlargement was present. Of the five patients 
studied, four had angiocardiographic evidence of 
moderate to severe mitral regurgitation. The fifth 
patient, in view of our previous experience, was sub- 
mitted to operation without prior invasive studies. 
Two cases had an associated ventricular septal defect, 
one with a straddling right atrioventricular valve 
diagnosed by.echocardiography. In the others, the 
anterior mitral cleft was an isolated defect. 

All patients had both M-mode and two dimensional 
echocardiographic assessments. The patients were 
studied with either an Advanced Technology 
Laboratory mechanical sector:-scanner using a 3-0 
MHz transducer, or a Smith Kline mechanical scan- 
ner with a 2-25 MHz scan head. The apical and sub- 
costal four chamber views were used to assess the 
leaflets, as was the short axis view at-the level of the 
aortic root. In the latter cut, a scan from the aortic 
root to the apex of the left ventricle enabled an accu- 
rate assessment of the anterior and posterior mitral 
leaflets and associated papillary muscles. 

In all patients M-mode studies were performed to 
assess the mitral valve motion and left ventricular cav- 
ity size. Two cases had preoperative, and three post- 
operative pulsed Doppler studies performed by sam- 
pling in the left atrium. All were submitted for surgi- 
cal repair of the cleft anterior mitral leaflet. 

To clarify the difference between an isolated 
anterior mitral cleft and that associated with an 
atrioventricular septal defect, a- further group of 30 
patients with the latter abnormality was included in 
the study. All of these patients had either angiocar- 
diographic or surgical confirmation of the defect. 


PREOPERATIVE ECHOCARDIOGRAPHIC STUDIES 


Patients with an isolated mitral cleft 

In.all cases there was a localised cleft in the anterior 
(aortic) leaflet of the mitral valve (Fig. 1 and 2). This 
was best appreciated in a short axis: scan from the 
aortic root to the apex of the left ventricle. Just below 
the aortic root, a position is obtained wherein the left 
ventricular oütflow tract and the area of aortic to 
mitral valvar fibrous continuity can be visualised. 
When the mitral valve is normal, the anterior leaflet is 
seen as a continuous dense echo (Fig. 3), but in 
patients with an anterior cleft.there is a break in this 
echo (Fig. 4). In all cases the edges of the cleft 
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appeared as denser echoes suggesting that they were 
rolled and thickened, this observation being 
confirmed at operation (Fig. 4). During real-time 
study, an abnormal pattern of movement of the 
anterior leaflet existed throughout the assessment. So, 
during systole the two portions of the anterior leaflet 
floated together, whereas during diastole, the edges of 
the cleft parted widely. Most importantly, the cleft 
extended into the area of aortic-mitral continuity, and 
was not directed towards the interventricular septum. 
All cases had two papillary muscles with no other 
abnormality of the mitral valve being seen. In particu- 
lar, the chordae from the anterior mitral leaflet were 
normally situated. 

In the apical four chamber view the effective mitral 
orifice is frequently not visualised, as the anterior 
mitral leaflet crosses the plane of the transducer beam 
before inserting into the posteromedial papillary mus- 
cle group. When a localised anterior cleft is present, 
an echo free area is readily visualised in this cut, rep- 
resenting the break in the leaflet. ‘This-appearance can 
also be visualised in the subcostal-four chamber view 
(Fig. 5). 

In all cases the inferior limbus of the interatrial 
septum was intact, and there was a normal atrioven- 
tricular muscular septum (Fig. 5). Thus, the atrioven- 
tricular valves were in all cases attached to the septum 
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Fig. 1 A diagrammatic representation of the surgeon’s view of 
the left atrioventricular valve via a left atrial incision. Note the 
difference between the cleft in a normal anterior mitral leaflet as 
compared with the “cleft” seen in an atrioventricular septal 
defect. In the latter case the "cleft" exists between the anterior 
and posterior bridging leaflets. 
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Fig. 2 Necropsy specimen 
from a patient with an isolated 
cleft 1n the anterior mitral 
leaflet. The picture on the left 
shows the cleft anterior leaflet. 
The picture on the nght shows 
the cleft pointing towards the 
left ventricular outflow tract. 
AML, anterior mitral leaflet; 
CL, cleft; LA, left atrium; 
LV, left ventricle; LVOT, left 
ventricular outflow tract. This 
figure 1s reproduced by kind 
permission of Professor Anton 
Becker, Amsterdam. 


Fig. 3 The upper panel shows a normal mitral valve at the level of the left ventricular outflow tract. Note the anterior mitral 
leaflet 1s in fibrous continuity with the aorta. The specimen on the right is cut in the same plane to indicate the echocardiographic 
features. The lower panel is a lower short axis cut at the level of the mitral leaflets. Note the fishmouth appearance of the mitral 
valve. The specimen on the right is cut on the same plane as the echocardiogram. MV, mitral valve; RV, right ventricle; 
RVOT, right ventricular outflow tract; TV, tricuspid valve. See Fig. 2 for remaining abbreviations. | 
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at different levels, with the tricuspid valve being 
attached more inferiorly. The membranous and inlet 
septa were intact in all patients, including the one 
with a ventricular septal defect and straddiing right 
(tricuspid) atrioventricular valve. Surprisingly, the 
defect in the latter patient was found to be in the 
muscular trabecular septum with chordae from the 
septal tricuspid leaflet straddling to be attached in the 
morphologically left ventricle. In this case, previously 
described,’ a posterior interventricular septum going 
to the crux was present. In the other case the defect 
was perimembranous. M-mode assessments of the 
mitral valve showed a normal “M” shaped pattern 
with some associated fluttering of the anterior leaflet 
during diastole. The remaining features were those of 
atrial and ventricular enlargement. 


Fig.4 The top picture is a short axis 
cut at the level of the left ventricular 
outflow tract in a patient with an 
isolated cleft 1n the anterior mitral 
leaflet. Note the cleft, indicated by the 
two arrows pointing towards the 
outflow tract, and not the nght 
ventricle. The lower picture ts a short 
axis cut at the level of the mitral 
valve. Note again the cleft indicated 
by the arrows, pointing towards the 
outlet of the heart and not the nght 
ventricle. IVS , interventricular 
septum. See Fig. 2 and 3 for 


remaimng abbreviations. 


The left ventricular end-diastolic volume was 
greater than two standard deviations above the mean 
for age in every case and the left atrial size was also 
significantly increased. 


Patiénts with atrioventricular septal defects 

In all cases the short axis cut showed that the "cleft" 
was situated between the anterior and posterior bridg- 
ing leaflet pointing towards the interventricular sep- 
tum and not the left ventricular outflow tract (Fig. 6). 


INTRAOPERATIVE FINDINGS AND MANAGEMENT 
OF ISOLATED MITRAL CLEFTS 

All patients were operated on cardiopulmonary 
bypass, with moderate hypothermia and cold cardio- 
plegia. The left atrium was opened posterior to the 
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Waterston groove. The mitral valve was tested by 
injecting cold saline under pressure into the left ven- 
tricular apical vent. The left atrium was moderately 
enlarged in all patients. A universal finding was a deep 
cleft in the anterior leaflet, pointing towards the aortic 
root and extending to the annulus (Fig. 1 and 2). The 
edges of the cleft were thickened and rolled. The 
anterior part of the leaflet had chordal attachments to 
the anterior papillary muscle. The subvalvular 
apparatus was normal in all patients. 

The repair consisted in all cases of closing the cleft 
with interrupted sutures starting at the annulus and 
progressing towards the free edge of the valve. The 
regurgitation at operation was completely abolished in 
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Fig. 5 The upper panel is a subcostal four chamber 
cut in a case with an isolated cleft in the anterior 
mitral leaflet. Note the division in the anterior leaflet 
indicated by the two arrows. The posterior mitral 
leaflet is seen in the upper part of the picture. The 
lower picture 1s from the same patient showing the 
presence of an atnoventricular muscular septum 
indicated by the two arrows. PML, posterior mitral 
leaflet; VAS, ventriculoatnal septum. See Fig. 2, 3, 
and 4 for remaimng abbreviations, 


all cases but one, where a small central jet remained. 
In one patient in whom the regurgitation was 
abolished at operation, on follow-up there was a soft 
pansystolic murmur at the apex with no diastolic 
murmur. In these two patients pulsed Doppler 
ultrasound showed a regurgitant jet in the left atrium. 
Three of the patients had no residual murmur of 
mitral regurgitation, and this absence of regurgitation 
was confirmed in one patient by pulsed Doppler 
ultrasound. 

In the patient with the trabecular ventricular septa! 
defect and straddling right (tricuspid) atrioventricular 
valve, the defect was closed through the tricuspid 
valve, accepting a small defect around the papillary 
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Fig.6 These pictures are from a case with an atrioventricular septal defect. The upper picture is a precordial short axis cut at 
a slightly higher level than that seen in the lower panel. Note that the "cleft" beween the anterior and posterior bridging leaflets 
points towards the interventricular septum and not the outflow tract of the left ventricle. The bottom panel, at a lower level, 
again indicates the cleft between the leaflets pointing towards the interventricular septum. The specimen on the night is from a 
patient with an atrioventricular septal defect and partitioned orifices. The cut is in the same plane as the bottom left 
echocardiogram. Note the cleft, indicated by the arrow pointing towards the interventricular septum. LAV, left atrioventricular 
valve; RAV, nght atrioventricular valve. For remaining abbreviations see Fig. 3 and 4. 


muscle attached to the left side of the septum. 
Discussion 


These findings throw light on two largely separate 
questions, one to do with descriptive anatomy and one 
clinical. Firstly, what is the difference between iso- 
lated cleft of the anterior mitral leaflet and the “mitral 
cleft" found in atrioventricular septal defects? 
Secondly, how may patients with isolated cleft of 
the anterior mitral leaflet be distinguished from 
patients with mitral regurgitations from other causes? 


CLEFTS AND ATRIOVENTRICULAR SEPTAL 
DEFECTS 

The normal mitral valve consists of two leaflets, the 
anterior or aortic leaflet and the posterior or mural 
one. These are divided by the anterolateral and pos- 
teromedial commissures which are supported by 
paired left ventricular papillary muscles, the 
anterolateral and posteromedial group*? (Fig. 1). 
"Clefts" are usually described as part of the anatomy 
of atrioventricular septal defects. In these cases, a 
normal mitral valve does not exist and the left sided 
valve is formed from components of three of the five 
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basic leaflets, which may be found in all atrioventricu- 
lar septal defects. The “left sided cleft" in such hearts 
actually lies between the anterior and posterior bridg- 
ing leaflets as they insert along the crest of the inter- 
ventricular septum!? (Fig. 1 and 6). 

Isolated clefts of the mitral valve are rare, but have 
previously been described in the anterior and pos- 
terior leaflets unassociated with atrioventricular 
defects.* The cleft usually involves the anterior leaflet 
and divides it in its entirety (Fig. 1). Anomalous 
chordal attachments are frequently a complicating 
feature though we found none in these patients. It 
must be stressed, however, that if the cleft involves 
the anterior leaflet and is to be regarded as isolatéd, it 
must point towards the left ventricular outflow tract. 
In those with an atrioventricular septal defect, 
because of the very nature of the leaflet pattern the 
"cleft" can in no sense divide the anterior leaflet!’ as 
an isolated mitral cleft does. And because it does not 
divide the anterior leaflet it points to the inter- 
ventricular septum (compare Fig. 1, 4, and 6) rather 
than to the left ventricular outflow tract. !! 

These considerations lead us to suppose that, if the 
very rare conditions of atrioventricular septal defect 
with intact atrial and ventricular septa were encoun- 
tered, the cleft in the “left atrioventricular valve" 
would still point towards the septum. Furthermore, 
the other echocardiographic stigmata of atrioventricu- 
lar septal defects would still be present, notably the 
presence of two atrioventricular valves at the same 
level, resulting from absence of the atrioventricular 
septum. 12 13 


DIFFERENTIATION FROM OTHER MITRAL 
ANOMALIES, AND CONSEQUENCES FOR 
MANAGEMENT 
Mitral valve abnormalities in young children are 
almost always of congenital origin, though mitral 
regurgitation may also be secondary to primary left 
ventricular disease, or to anomalous origin or atresia 
of the left main coronary artery. In older children, 
rheumatic mitral disease is more common. The 
echocardiographic features of congenital mitral 
stenosis have previously been described.!^ 15 In 
patients in whom the predominant lesion is regurgita- 
tion, the majority have no gross malformation of the 
valve, but possess redundant leaflets and a dilated 
annulus. Others have grosser abnormalities such as 
single papillary muscles. Over the past few years, par- 
ticularly since the advent of M-mode echocardiogra- 
phy, prolapse of the mitral leaflets has been suggested 
as a likely cause of this regurgitation. Normally the 
posterior leaflet is involved, but occasionally the 
anterior one is.!® !7 | 

The majority of children with gross structural 
abnormalities of the mitral valve who present in early 
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childhood have associated defects which frequently 
mask the signs of mitral valve disease. Indeed, it is 
rare for them to have only isolated mitral regurgita- 
tion. In the older age group cardiac failure is rare and 
the lesion is usually detected during routine examina- 
tion. Even though mitral regurgitation is severe, the 
combination of good left ventricular function and fre- 
quently massive left atrial enlargement ensure that 
patients maintain a relatively normal left atrial pres- 
sure and have little in the way of symptoms, at least in 
their first decade. Because the condition is well toler- 
ated, and it has not been possible to guarantee that 
surgery will not involve mitral valve replacement, the 
tendency has been to postpone surgery until symp- 
toms demand it. Cardiac catheterisation and 
angiocardiography have in our experience often not 
provided any more information than was obvious 
from clinical and non-invasive investigation. 

We believe that these results show the possibility of 
a radical change in managment for at least one sub- 
group of patients with congenital mitral regurgitation, 
This is because two dimensional echocardiography 
provides the necessary detailed information as to the 
precise anatomical abnormalities of the leaflets and 
subvalvar apparatus. Such simple structural abnor- 
malities as localised clefts are readily visualised. These 
patients can then be selected for early surgical repair 
on the basis that a good result can be anticipated, 
thereby avoiding the problems of left ventricular dys- 
function which may supervene in patients with long 
standing mitral regurgitation.'® We believe that these 
patients reflect the fact that the mitral regurgitation is 
largely, if not entirely, the result of the cleft. Repair of 
the cleft produces a normal or near normal anterior 
mitral leaflet (Fig. 7). | 

This situation is quite different from that pertain- 
ing to “left sided clefts” in atrioventricular septal 
defects. Here the "cleft" is but one cause of left 
atrioventricular valve regurgitation, and indeed may 
not cause any regurgitation at all. Repairing the 
"cleft" in no way restores a normal "anterior mitral 
leaflet", and may actually result in left ventricular 
inflow obstruction. !9 !? 29 

From a small series such as this one cannot be dog- 
matic about the overall functional results of surgery. 
They do compare favourably, however, with the 
results of mitral repair for all congenital mitral 
anomalies reported by Carpentier and colleagues.?! 
These authors found a persistent apical systolic mur- 
mur in 22 out of 34 patients, and a significant reduc- 
tion in heart size in only seven. 

Our present policy is therefore to perform two 
dimensional echocardiographic studies in all patients 
with clinical evidence of mitral regurgitation. If an 
isolated cleft is diagnosed and no other complicating 
suspected features are present, such as coarctation of 
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Fig.7 This ts a postoperative short axis cut in a patient with a 
repaired localised cleft in the anterior mitral leaflet. Note the 
suture line indicated by the dense echo in the centre of the anterior 
mitral leaflet. See Fig. 2 and 3 for abbreviations. 


the aorta or severe pulmonary vascular disease, the 
degree of regurgitation is assessed clinically, radio- 
graphically, and by measuring left atrial and left ven- 
tricular sizes. If it is graded as moderate to severe, 
then the patients are submitted for surgical repair of 
the valve. Careful follow-up studies of mitral valve 
function in a large series of patients will obviously be 
necessary. 


JFS is a British Heart Foundation Junior Research 
Fellow. RHA and FJM are supported by the British 
Heart Foundation and, respectively, the Joseph Levy 
and Vandervell Foundations. 
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Mitral valve replacement in children 
Comparative study of pre- and postoperative 
haemodynamics and left ventricular function 


E G BENMIMOUN, B FRIEDLI, W RUTISHAUSER, B FAIDUTTI 


From Clinique de Pédiatrie, Centre de Cardiologie, and Clinique de Chirurgie Cardiovasculaire, Hópttal Cantonal 
Universitaire, Geneva, Switzerland 


SUMMARY Haemodynamic variables and left ventricular function were studied before and after 
mitral valve replacement in 44 children age 3 to 17 years (mean 11-9 years). Thirty-nine Starr- 
Edwards prostheses and five Hancock prostheses were used; postoperative study took place two to 
six months (mean 3-9 months) after operation. Pulmonary hypertension was present preoperatively 
in most patients, with mean pulmonary artery pressures of 18 to 75 (mean 46-5 mmHg). Postopera- 
tively there was a pronounced drop in pressure to a mean value of 25-6 mmHg, partially explained 
by a decrease in pulmonary capillary wedge pressure. Pulmonary arteriolar resistance, however, also 
decreased conspicuously from an average of 590 dynes s cm-5 m^? preoperatively to 282 dynes s 
cm-5 m`? postoperatively. A return to normal resistance was seen in every case when preoperative 
resistance did not exceed 650 dynes s cm^5 m^?; above this threshold some degree of pulmonary 
hypertension often persisted. The residual gradient across the prosthetic valve was slightly higher 
for the Hancock than for the Starr-Edwards prosthesis (mean 8.7 mmHg, vs mean 6:9 mmHg). 

The left ventricular end-diastolic volume was much increased before surgery, with a mean value 
of 190 ml/m?; it decreased conspicuously after operation to 103 ml/m?. The left ventricular ejection 
fraction ranged from 40% to 76% (mean 57%) before operation; there was no significant change after 
operation, with values ranging from 40% to 73%. 

This left ventricular dysfunction is probably the result of myocardial injury caused by a chronic 
volume overload and the sequelae of rheumatic carditis. 


Mitral valve disease with regurgitation and stenosis 
gives rise to various haemodynamic consequences. 
First, there is left ventricular volume overload and 
dilatation of the left atrium and ventricle. Longstand- 
ing left ventricular volume overload may compromise 
left ventricular function.! 2 If the mitral valve disease 
is of rheumatic origin, left ventricular function may 
also be depressed as a consequence of myocardial 
fibrosis, secondary to myocarditis. Secondly, pul- 
monary venous congestion will result in pulmonary 
hypertension; with time] pulmonary vascular disease 
may develop, compromising the return to normal 
pressures after mitral valve function is restored. 
Severe mitral valve disease often requires valve 
replacement, which is usually reserved for very dis- 
abled patients. Various degrees of left ventricular dys- 
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function and of pulmonary hypertension are usually 
therefore present, and the reversibility of such 
changes is uncertain. Haemodynamic assessment after 
mitral valve replacement is of use and has often been 
performed in adult patients,?^5 but very few data are 
available in children.9 We did not find any data con- 
cerning left ventricular function and volume after 
valve replacement in children. 

We would like to report the results of postoperative 
catheterisation in 44 children who have undergone 
valve replacement for severe mitral valve disease, 
including the results of left ventricular volume studies 
in 30 children. 


Patients and methods 


Forty-four children (23 boys and 21 girls) with clinical 
and haemodynamic evidence of severe mitral valve 
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disease were studied. The valve lesion was the result 
of rheumatic heart disease in 35, and of congenital 
malformation in nine. Their ages ranged from 3 to 17 
years (mean 11-9 years). Twenty-nine patients had 
mitral regurgitation associated with mitral stenosis; 15 
patients had pure mitral regurgitation. In 30 patients, 
there was significant disease of another valve: 12 had 
aortic regurgitation, 12 had tricuspid regurgitation, 
six had aortic and tricuspid regurgitation. Two had 
a ventricular septal defect. Thirty-three patients were 
in grade IV heart failure (according to the New York 
Heart Association), nine in grade III, and two in 
grade II. Thirty-nine underwent mitral valve 
replacement with a Starr-Edwards prosthesis and five 
with a Hancock prosthesis; nine patients also had a 
tricuspid annuloplasty (De Vega), and two aortic 
valve replacement (one Bjórk and one Starr-Edwards 
prosthesis). Two patients had closure of a ventricular 
septal defect. 

These 44 patients are part of a group of 171 chil- 
dren who underwent valve replacement from 1969 to 
1980 in Geneva.’ Postoperative catheterisation was 
performed either to assess pulmonary pressure (when 
preoperative values were raised) or to rule out valve 
dysfunction in the presence of a systolic or diastolic 
murmur. 

Cardiac catheterisation was performed two to six 
months (mean 3-9 months) after operation. The pro- 
cedure was done under light sedation with a mixture 
of pethidine, promethazine, and chlorpromazine. 


Table Haemodynamics and left ventricular function data 
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Routine cardiac catheterisation was performed by 
percutaneous puncture of the right femoral artery and 
vein. Cardiac output was measured by the Fick 
method, with oxygen consumption assumed (table of 
La Farge and Miettinen). Pulmonary vascular resis- 
tance was calculated by the following formulae: 
TPVR-PAx80/CI; PAR=(PA~PAW) x80/CI, where 
TPVR is the total pulmonary vascular resistance in 
dynes s cm ^5 m~?, PAR is the pulmonary arteriolar 
resistance, PA and PAW are the mean pulmonary 
arterial and pulmonary arterial wedge pressures 
(mmHg), respectively, and CI is the cardiac index 
(litres/min per m?). 

Thirty patients underwent left ventricular cine- 
angiography in the right anterior oblique projection 
using ] to 1-5 ml/kg of 76% Urografin. Ventricular 
volumes were calculated using the Sandler and Dodge 
formula? from planimetered surfaces on the right 
anterior oblique cineangiogram. Ejection fraction 
(EF) was calculated with the following formula: 
EF%=(EDV—-ESVYEDV x100, where EDV and ESV 
are end-diastolic and end-systolic volumes, respec- 
tively. We took cardiac cycles early after opacification 
to obtain physiological information from cineangio- 
cardiography.? The pre- and postextrasystolic sys- 
toles were excluded. Mean frequency systoles were 
taken when the patient was in atrial fibrillation. Abso- 
lute and indexed volume is reported in 27 patients 
only because the magnification factor was unknown in 
three. 


Case Sex Age PA PAW MG CI TPVR PAR NYHA RMR Surgical LVED EF LVES 
No. treatment 
] F 15  Preop 45/24 33 21 20 2-9 910 333 IV Starr M 80 60 3] 
Postop 35/18 25 15 8 40 500 200 I-H — An. T 80 56 22 
2 M 1$  Preop 90/50 68 30 — 25 2190 1220 IV Starr M — — — — 
Postop 2813 20 — 7 8 4-9 330 212 lal — — — — 
3 M 13 Preop 40/20 28 20 25 4-4 $10 150 IV Starr M — 379 61 147 
Postop 2811 16 13 7 4-0 320 I ~ 189 53 89 
4 F 11  Preop 65/45 55 30 — L9 2380 1050 IV Starr M — — 
Postop 36/10 17 6 5 3-6 350 240 I — — — — 
5 F 13  Preop 42/13 34 28 17 24 1130 200 IV Start M 176 62 67 
Postop 263 16 8 7 4] 310 160 LE - 109 50 56 
6 M 7 Preop 30/10 24 13 — 4-0 480 220 II! Hancock M — — — 
Posto 25/13 17 8 6 4-6 290 150 HH — — — — 
7 F 13  Preop 105/58 75 45 44 1-9 3160 1260 IV Starr M — 337 65 120 
Postop 40/114 26 5 2 4-0 520 420 IH — 119 65 42 
8 F 16  Preop 58/29 38 28 22 25 1220 920 IV Starr M 95 64 34 
Postop 302 20 H 10 3-4 470 210 LIH — 59 §2 29 
9 M 17 Preop 80/40 60 — 29 24 2-7 1780 920 IV Starr M 116 54 54 
Postop 75/40 SQ 15 8 2.1 1900 1330 I + 136 41 80 
10 F 16  Preop 58/25 46 30 — 22 1450 360 IV Starr M 196 76 46 
Postop 2514 18 1 8 2-5 $80 - 220 IH —- 85 48 45 
i] M 5 Preop 45/20 30 15 — 2.7 890 440 IV Starr M — — — 
Postop 29/16 18 7 ? 3-7 390 190 1-1] us — = — 
12 F 10  Preop 38/28 32 24 18 17 1510 380 IV Starr M 94 49 48 
Postop 32/12 24 15 6 3.2 600 225 LH — 92 44 52 
13 M 5 eop 50/35 42 21 5 2-0 1680 840 IV Sar M  — 59 — 
Postop 48/26 35 16 10 28 1000 540 — + An. T — 47 = 
14 M 14 Preop 85/48 59 30 10 2 2250 1100 IV Starr M 197 55 89 
Postop 70/38 50 — 19 10 2.3 1740 1080 — An. T 183 50 91 
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Table (cont) Haemodynamics and left ventricular function data 





Case Sex Age PA PAW MG CI TPVR PAR NYHA RMR Surgical LVED EF LVES 
NO. treatment 
15 M 17 Prep 65/25 39 19 10 — — — IV Starr M 218 50 109 
Postop 28/12 16 8 5 — — — I-H = VSD clos. — 47 — 
16 M 10 Preop 82/35 55 24 12 25 1760 990 IV Starr M 159 58 67 
Postop 38/13 23 14 8 3-6 510 200 I = ån. T 114 74 30 
-17 F 1]  Preop 46/26 34 14 — 2:5 1090 640 IV Starr M 118 58 50 
Postop 36/14 25 13 8 3.8 530 253 I - 87 62 33 
18 F 12 Preop 2612 18 9 7 3-8 380 190 In Starr M — — — 
Postop 2814 17 H ? 48 280 100 IH — — — 
19 M 13  Preop 90/56 66 28 20 2-7 1960 1130 IV Starr M — — — 
Postop 24/8 13 6 ? 3-6 290 150 I = E — — 
20 F l4 Preop 85/40 60 28 — 2-0 2400 1280 IV Starr M — — — 
Postop 37/24 27 9 8 3-8 570 380 I - — — — 
2] M 15  Preop 84/42 60 20 20000 = — — IH Starr M — — -— 
Postop 36/18 25 11 8 — — — I = VSD clos. — — — 
22 M 10  Preop 96/53 72 16 — 3.9 1480 1150 IV Starr M — E — 
Postop 34/15 24 12 ? 45 430 210 I - — — — 
23 Fo — eop 2812 16 12 — — — — IH Starr M — — — 
Postop 29/10 18 13 ? — — — H = — — — 
24 F 7  Preop 90/50 68 30 24 42 1300 720 IV Starr M 292 32 134 
Postop 32/15 20 6 3 5.9 270 190 I 5 80 56 35 
25 M HU Preop 37/16 24 20 7 3-0 640 110 IH Starr M 361 68 115 
Postop 26/10 l4 9 7 3-4 330 120 I = 60 70 19 
26 F 11  Preop 45/20 30 18 10 2:8 860 340 Il Starr M 181 68 58 
Postop 34/16 20 12 6 4-2 380 150 I - 87 66 30 
27 15 Preop 75/35 53 37 28 2-9 1460 440 IV Hancock M 68 51 33 
Postop 54/19 33 16 &s 27 980 500 u + 82 52 40 
28 F 17 Preop 91/45 6] 47 40 1-5 3250 750 IV Starr M 242 4l 143 
Postop 50/22 29 15 9 4-0 580 280 I-H — An. T 79 48 4i 
29 M ll Preop 73/44 58 31 23 2:7 1720 800 IV Hancock M — 76 — 
Postop 28/14 18 14 13 5.3 270 60 I — — 53 — 
30 6 Preop 6133 48 26 — 2.7 1420 650 HI Starr M 135 49 69 
Postop 32/15 20 15 ? 4-0 400 100 I = 98 56 42 
31 F ]]  Preop 42/34 36 — — 2.3 1250 — IV Starr M — — — 
Postop 37/15 28 10 ? 3-2 630 380 Hl - — — mm 
32 13  Preop 70/35 50 27 18 27 1480 680 IV Starr M 113 49 38 
Postop 44/18 27 12 ? 3-2 680 370 1-H = 108 61 42 
33 F 13 eop 45/28 36 23 8 3-3. 870 320 IH Starr M 110 64 40 
Postop 24/10 15 6 6 3-5 340 210 I-II i 87 63 32 
34 M 14  Preop 60/33 48 30 10 2.5 1540 580 HI Starr M 257 55 117 
Postop 31/11 18 9 6 3-4 420 210 I-II * Starr A 129 68 40 
35 M 13  Preop 96/60 73 32 30 3.0 1950 1090 IV Starr M 171 62 65 
Postop 3442 23 5 45 36 510 400 I — 55 57 23 
36 M 10  Preop 80/45 58 30 25 2-8 1660 800 IV Starr M 255 45 140 
Postop 41/25 33 14 7 3-5 710 390 II + 250 47 133 
37 M 3 Preop 55/29 41 26 16 2-0 1640 600 IV Starr M — =~ — 
Postop 28/13 20 12 5 40 400 160 I-II = v — — 
38 M i16  Preop 57/38 45 30 23 2:0 1800 600 IV Hancock M 8&2 43 47 
Postop 37/17 22 12 7 3.2 550 250 I-II = An. T 65 54 30 
39 M 1$ Preop 100/40 60 24 = 2-6 1850 1110 IV Starr M — — — 
Postop 3817 27 12 8 44 490 270 EH o - An. T — — — 
40 F 13 Preop 110/40 60 31 15 2-6 1850 890 IV Starr M 188 64 68 
Postop 50/23 33 16 10 4-7 560 290 H = An. T 63 73 17 
41 M 10 Preop 46/23 32 11 — 2-6 990 340 IIl Hancock M 191 60 7 
Postop 37/18 25 15 9 3-5 570 230 I a 40 51 
42 F 10  Preop 30/17 22 11 — 3-6 480 240 I] Starr M — — — 
Postop 29/13 17 13 ? 3-6 380 90 I - Björk A — —— — 
43 F 13  Preop 77/22 44 26 — 3-5 1010 410 IV Starr M 241 54 109 
Postop 28/12 19 13 5 5-0 300 100 I : 114 55 5} 
44 F 1!  Preop 48/20 30 20 12 2-4 990 330 IV Starr M 200 55 89 
Postop 28/10 18 7 6 3-8 380 180 I = 72 50 35 
Mean Preop 465 25-6 — 2-6 1340 590 — ~ — 190 A — 
Mean Postop 23-4 10-9 — 3.8 533 282 — * — 103 56 = 
p <0-0001 <0-0001 — <0-0001 <0-000!1 <0-0001 — - — «0-000010 — 20-15 
— — — — — ———— dM dd MK 


A, aortic; An.T, tricuspid annuloplasty (De Vega); CI, cardiac index (l/min per mꝰ); EF, ejection fraction (96); LVED, left ventricular end-diastolic 
volume (ml/m?; LVES, left ventricular end-systolic volume (ml/m?); M, mitral; MG, mitral gradient (mmHg); NYHA, New York Heart Association 
grade; PA, pulmonary artery pressure (mmHg); PAR, pulmonary arteriolar resistance (dynes s cm^ 5 m^ 7); PAW, pulmonary arterial wedge pressure 
— RMR, residual mitral regurgitation; TPVR, total pulmonary vascular resistance (dynes s cm^* m^ ?); VSD clos., ventricular septal defect 
closure. 
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Results 


Complete data are shown in the Table. 


PRESSURES | 
Pulmonary artery pressure was often much increased 
before operation, up to systemic level in some cases. 
The mean pulmonary artery pressure preoperatively 
ranged from 18 to 75, mean 46.5 mmHg. After opera- 
tion, there was a pronounced decrease to values rang- 
ing from 10 to 42, mean 23-4 mmHg. This was highly 
significant (p<0-0001). In five patients, however, 
there was mitral regurgitation postoperatively, and 
pulmonary arterial pressure remained high (above 30 
mmHg) (Fig. la). 

Mean pulmonary arterial wedge pressure was high 
before operation (9 to 45, mean 25-6 mmHg); it 
decreased after operation (5 to 19, mean 10-6 mmHg) 
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(p<0-0001). Five patients had pulmonary arterial 
wedge pressures higher than 15 mmHg after opera- 
tion; each had mitral regurgitation caused by para- 
valvar leak (Fig. Ib). 


CARDIAC INDEX 

The cardiac index rose from an average of 2-6 litres/ 
min per m? before operation, to 3-8 litres/min per m? 
(p«0-0001) after operation (lower limit of normal for 
our laboratory is 3-0 l/min per m?). In patients with 
residual mitral regurgitation, cardiac index was lower 
than 3-5 litres/min per m? postoperatively (Fig. 2). 


RESISTANCES 
Total pulmonary vascular resistance was moderately 
or much raised before operation (450 to 3150, mean 
1340 dynes s cm^5 m^), and it decreased after opera- 
tion (250 to 970, mean 533) (p<0-0001). 
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Fig. 1 (a) Mean pulmonary artery pressure before and after mitral valve replacement. Open circles indicate patients with residual 
mitral regurgitation (paravalvar leak). (b) Mean pulmonary wedge pressure before and after mitral valve replacement. Open circles 


indicated patients with residual mitral regurgitation. 
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Fig. 2 Cardiac index before and after mitral valve 
replacement. Open circles indicate patients with residual mitral 
regurgitation. 


Pulmonary arteriolar resistance showed values be- 
tween 120 and 1280, mean 590 dynes s cm^ 5 m^? 
before operation; these values fell to 60 to 430, mean 
282 dynes s cm^5 m~? after operation (p<0-0001) 
(Fig. 3). In all patients with preoperative values lower 
than 650 dynes s cm^5 m~?, postoperative resistance 
was found to be normal (3:250 dynes s cm^5 m"?). If 
preoperative values exceeded 650 dynes s cm? m~?, 
the pulmonary arteriolar resistance decreased, but a 
return to normal was not the rule. Patients with 
residual regurgitation had pulmonary arteriolar resis- 
tance above 500 dynes s cm ^5 m^?, unchanged from 
preoperative values (Fig. 3). 


RESIDUAL MITRAL GRADIENT 

A residual mitral gradient was commonly found after 
valve replacement in children. This was mild for the 
Starr-Edwards prostheses, with a gradient ranging 
from 2 to 10, mean 6-9 mmHg. For the Hancock 
prostheses, the gradient was somewhat higher, be- 
tween 6 and 13, mean 8-7 mmHg (not significant). 
Though the difference between means is not statis- 
tically significant, it appears that one third of the 
patients with  Starr-Edwards prostheses have 
Insignificant gradients, between 2 and 6 mmHg; no 
child with a Hancock prosthesis had such a small 
gradient. 
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Preop (dynes s cri? m ?) 
Fig. 3 Postoperative pulmonary arteriolar resistance (on the y 
axis) plotted against preoperative resistance (on the x axis), with 
the line of identity. Shaded area indicates normal values. Open 
circles are patients with residual mitral regurgitation. In cases 
without residual regurgitation, resistances always return to 
normal when the preoperative value does not exceed 
650 dynes s cm-5 m—?, 


VENTRICULAR VOLUMES 

End-diastolic left ventricular volumes were raised 
before operation (83 to 379, mean 190 ml/m?). Seven- 
teen patients had left ventricular end-diastolic vol- 
umes higher than 150 ml/m?, five patients had values 
between 110 and 150 ml/m^?, but five had values lower 
than 100 ml/m?. Left ventricular end-diastolic vol- 
umes decreased after valve replacement and showed 
values between 55 and 250, mean 103 ml/m? 
(p«0-0001) (Fig. 4). In 16 patients, the ventricular 
volume fell below 100 ml/m?, and six had values be- 
tween 100 and 130 ml/m"7. Five still had values above 
130 ml/m?. Among these there was a case of moderate 
aortic regurgitation, who needed aortic valve 
replacement later; in three other patients, high post- 
operative left ventricular volume was related to 
residual mitral regurgitation. 


EJECTION FRACTION 

Left ventricular ejection fraction was measured before 
and after operation (Fig. 5). Before operation, 
about half of the patients had a depressed ejection 
fraction; the values ranged from 40 to 76%, mean 
57%. Thirteen patients had values higher than 60%, 
10 patients had values between 50 and 60%, and seven 
patients had values lower than 50%. After operation, 
these values did not change significantly; they were 
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Fig. 4 Left ventricular end-diastolic volume (LVED) before 
and after mitral valve replacement. LVED decreased 
significantly after valve replacement in patients without residual 
mitral regurgitation. Open circles indicate patients with residual 
mitral regurgitation. 


situated between 40 and 73%, mean 56%. No relation 
was found between the ejection fraction and age of the 
patient. 


Discussion 


Mitral valve replacement in children is usually 
restricted to patients who are severely symptomatic 
and in whom mitral valve repair is not feasible. The 
short term results are satisfactory and the children are 
much improved.’ Since valve replacement, however, 
is usually performed after a long period of progressive 
heart failure, complications are often present: long- 
standing left ventricular overload, together with 
sequelae of myocarditis in the case of rheumatic heart 
disease, may result in left ventricular dysfunction; on 
the other hand, chronically increased left atrial pres- 
sure will result in pulmonary hypertension. It is there- 
fore interesting to assess postoperative haemodynam- 
ics and left ventricular function after valve replace- 
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Fig. 5 Left ventricular ejection fraction (EF) measured before 
and after operation. The values are often below normal before as 
well as after operation, and there is no significant difference 
between preoperative and postoperative values. 


ment and to compare the results with preoperative 
data. 


HAEMODYNAMIC VARIABLES 


„Even extreme degrees of pulmonary hypertension and 


increased pulmonary vascular resistance secondary to 
mitral valve disease regress conspicuously in adult 
patients? * and children$ who underwent adequate 
valve replacement, though a return to normal is not 
the rule. Thus, severe pulmonary hypertension is no 
longer a contraindication for operation, as had been 
suggested previously by some.!? This regression is 
partially the result of left atrial decompression: the 
pronounced reduction in left atrial pressure (pulmon- 
ary wedge pressure) explains the impressive reduction 
in total pulmonary vascular resistance. As shown in 
the present study, however, pulmonary arteriolar 
resistance, which is not directly related to left atrial 
pressure, also decreases conspicuously. The degree of 
increase in pulmonary arteriolar resistance before 
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operation seems to be a determinant of residual post- 
operative pulmonary hypertension. Indeed, when 
preoperative values were below 650 dynes s cm? 
m ?, a return to normal resistance was always 
observed. Above this level, some degree of pulmonary 
hypertension often persisted. In four of our seven 
patients with increased pulmonary arteriolar resis- 
tance after operation and no mitral regurgitation, the 
residual mitral gradient was somewhat above the 
average. In no case, however, did it exceed 10 mmHg 
and we do not believe that this alone would explain 
the increased pulmonary arteriolar resistance. As the 
postoperative catheterisation took place fairly soon 
after operation, we do not know whether a further 
decrease may occur later in these cases. It is obvious, 
however, that the high resistances measured before 
operation are not the result of advanced pulmonary 
vascular disease, but rather of pulmonary arteriolar 
spasm. The situation is obviously different from pul- 
monary hypertension secondary to left to right shunt; 
indeed, pulmonary arteriolar resistance, measured two 
to four months after closure of a ventricular septal 
defect with pulmonary hypertension, does not change 
from preoperative values (B Friedli, unpublished data). 

We have noted a significant increase in cardiac out- 
put after operation from the usually low preoperative 
values. It also appeared that some degree of residual 
mitral gradient may be found in children after mitral 
valve replacement: in our series, this was somewhat 
more significant for the Hancock porcine xenograft 
than for the Starr-Edwards prostheses. This is 
because for the same prosthetic valve diameter, the 
valve orifice is smaller in the Hancock prosthesis than 
in the Starr-Edwards prosthesis. As the postoperative 
study was done early, calcification of the porcine 
xenograft!! could not at that stage have been respon- 
sible for the relative stenosis. 

Mitral regurgitation (paravalvar leak) was found in 
five patients. This relatively large number can be 
explained by the fact that the 44 patients catheterised 
in this study were selected from 171 children who had 
received valve prostheses during that period. Indica- 
tions for recatheterisation were the presence of a 
residual murmur or preoperative pulmonary hyper- 
tension. It is obvious from the present study that, 
when significant residual mitral regurgitation is pre- 
sent, the haemodynamic variables remain abnormal, 
similar to the levels before operation. 


LEFT VENTRICULAR VOLUME AND FUNCTION 

To our knowledge, these variables have not been pre- 
viously studied in children with valve prostheses. Left 
ventricular volume is considerably increased before 
operation, because of chronic left ventricular volume 
overload. Similar increases have previously been 
found experimentally'? as well as in adult patients. '? 
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After operation, there is a pronounced decrease in 
volume, but a return to normal is not the rule: the 
mean left ventricular volume remains raised around 
100 ml/m?. Left ventricular ejection fractions before 
operation vary over a wide range, but they are quite 
often abnormally low. There was no significant 
change in the mean, after operation, though some 
individual values did either increase or decrease. It 
must be emphasised that ejection fractions before and 
after mitral valve replacement cannot be directly 
compared because of the different haemodynamic set- 
ting. Indeed a series of variables, which determine left 
ventricular stroke volume, also influence ejection frac- 
tion. They are preload (left ventricular end-diastolic 
volume), afterload (left ventricular wall stress during 
ejection), myocardial contractility, and heart rate. In 
mitral regurgitation, preload is increased and after- 
load decreased. This should enhance ejection fraction; 
it has been shown that the “unloading” of the left 
ventricle in mitral regurgitation may mask the 
effect of depressed myocardial contractility.on overall 
pump function.'* This indicates that, in some of our 
patients, quite severe left ventricular dysfunction 
must have existed before operation, as the ejection 
fraction remains low in spite of the decreased after- 
load. One would also expect that ejection fraction 
decreases after mitral valve replacement, because of 
the increased afterload and decreased preload. This 
has been shown to occur in adults,!5 16 but we did not 
find it in the present study. One explanation for this 
difference may be because left ventricular volume 
decreases considerably in children after valve 
replacement, more so than in adults. The reduction in 
left ventricular dimension (radius) reduces left ven- 
tricular stress, that is afterload. Thus, afterload 
increase after valve surgery in children may be less 
important than in adults. 

As to the cause of the left ventricular dysfunction, 
before as well as after operation, two factors need to 
be considered: chronic volume overload may itself 
produce myocardial changes that are not completely 
reversible, as shown in the electron-microscopical 
studies of Papadimitriou et al.'? After closure of a 
ventricular septal defect—another cause of chronic 
left ventricular volume overload in children— 
Jarmakani et al.' showed some left ventricular dys- 
function, except in those patients who were operated 
on very early, before two years of life. In the present 
study, we have not been able to show a clear effect of 
age or duration of disease on left ventricular ejection 
fraction. There is obviously another possible cause of 
myocardial dysfunction in patients with rheumatic 
heart disease, that is myocardial fibrosis secondary to 
rheumatic myocarditis. Indeed, many children in this 
study have had repeated attacks of rheumatic fever. 

The indication for valve replacement in children 
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remains, as mentioned previously, the presence of 
severe, often longstanding heart failure. This is 
because of the complications of valve prostheses 
which occur in children,!$ !? as well as in adults.?? 
The price of this conservative approach may be the 
presencé of irreversible myocardial damage at the 
time of operation. In adults the results of valve 
replacement in grade IV heart failure are not as good 
as those in grade III heart failure.?! Should a new 
valve prosthesis with low thromboembolic risk and 
long durability be developed, valve replacement at an 
earlier stage, for example in grade II, would therefore 
be indicated. 
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Bezalip also reduces elevated platelet 
aggregation? and blood viscosity.* There is no 
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tolerated. In a one year study of 1091 patients, 
only 3.496 terminated treatment because of side 
effects.5 
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A m jor advanc: 
in severe 
heart failure 


¥ Unique action 


Stimulation ofthe renin-angiotensin-aldosterone 
system is a major factor associated with congestive 
heart failure!*** Capoten blocks the conversion of 
angiotensin | to angiotensin Il which results in a fall in 
peripheral resistance and a reduction in aldosterone 
mediated sodium and water retention. 








¥ Capoten unloads the failing heart 


By inhibiting the production of angiotensin Il, Capoten 
works on both arteriolar and venous systems, reducing 
PRELOAD and AFTERLOAD to reduce total cardiac 
work load. 






Sustained effectiveness 


Capoten effectively breaks the vicious circle in heart 
failure by reducing preload and afterload without 
invoking compensatory mechanisms, such as increased 
heart rate and fluid retention. Long term effectiveness is 
thus sustained on Capoten therapy. ** 








, Improves cardiac performance 
^. without increasing heart rate 


In patients with resistant heart failure Capoten...” 
significantly raised cardiac output and reduced arterial, 
pulmonary-wedge, and pulmonary-artery pressures 
which correlated closely with concomitant alterations 
in the activity of the renin-angiotensin system." 





y Improves the patients’ 
^. quality of life 


By reducing preload, Capoten helps to relieve 
pulmonary congestion and dyspnoea. By reducing 
afterload, Capoten increases cardiac output and stroke 
index. 





“Side effects of the drug (Capoten) have not been 
observed and most patients have objective and 
subjective evidence of improvement." 





“Captopril is a major 





advance in the treatment of 
resistant heart failure...” 


Lancet 1981; 71-74) 
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When concomitant diuretic therapy is required, a loop diuretic (e g. 
frusemide) is preferable to a thiazide diuretic. 

Children Safety and effectiveness in children have not been established. 
Starting dose should be ! mg per Kg bodyweight up to a maximum of 6 mg 
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dialysis. An exaggerated hypotensive effect may aisa occur with one or two 
Subsequent doses. Medical supervision should be maintained for one hour 
after the initial dose. This transient hypotensive response is not a contra- 
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pressure has increased afler volume expansion. Hypotension in Patients 
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normal ot low blood pressure, may experience marked falis in blood 
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occur, especially in patients with renal failure. Potassium sparing diuretics 
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they may lead to a significant increase in serum potassium. Changes in 
Renal Function Some patients with renal disease, particularly those with 
renal artery stenosis, have developed increased serum concentration 9f 
BUN and serum creatinine after reduction of blood pressure with Capoten, 
usually along with a diuretic. Capoten dosage reduction and/or 
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may not be possible to normalise blood pressure and maintain adequate 
renal perfusion. Pregnancy The safety of Capoten in pregnancy has not 
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Anaesthesia in patients undergoing major surgery, of during anaesthesia 
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formation secondary to compensatory renin release. This may lead to 
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disturbance have heen reported. Gastric irritation and abdominal pain may 
occur. Other Paraesthesias of the hands, serum sickness, cough, 
bronchospasm and iymphadenopathy have been reported. Hypotension - 
see Warnings. Tachycardia has been observed in a few volume depleted 
patients. Overdosage in the event of overdosage, hypotension would be 
the most important problem. Volume expansion with an intravenous infusion 
of normal saline is the treatment of choice for restoring the blood pressure 
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Independence of changes in left ventricular diastolic 
properties of pericardial pressure 


P J OLDERSHAW, E SHAPIRO, M MATTHEOS, M G ST JOHN SUTTON, D GIBSON 
From the Brompton Hospital, London N 


SUMMARY "There has been much interest in the published reports as to the extent to which measured 
left ventricular diastolic properties are affected by the pericardium. In this study observations were 
made on 24 patients, seven days after cardiopulmonary bypass. Left ventricular dimensions were 
measured from echocardiographic recordings and left ventricular diastolic pressure assessed from 
measurements of isovolumic relaxation time. Pericardial pressufe';was measured directly using a 
small solid state transducer inserted into the pericardial space at the time of operation. Left ventricu- 
lar diastolic properties were altered by either isometric handgrip or glyceryl trinitrate administra- 
tion. Isometric handgrip produced an increase in cavity dimension at end-systole and diastole, with 
reduction in isovolumic relaxation time, suggesting an increase in left ventricular end-diastolic 
pressure; glyceryl trinitrate produced the reverse effect, with decreased cavity dimensions and 
prolongation of isovolumic relaxation time. These changes occurred in the absence of significant 
changes in pericardial pressure. We therefore conclude that even in the rather unusual conditions of 
the early postoperative period, when the sensitivity of pericardial pressure to small volume changes 
might be expected to be increased, substantial changes in left ventricular diastolic properties can 


occur without detectable alteration in pericardial pressure. 


There has been considerable interest concerning the 
extent to which the pericardium affects measured left 
ventricular diastolic properties. To date, most obser- 
vations on this relation have been made on experimen- 
tal animals and there have been few recorded meas- 
urements in man. We have taken advantage of the 
development of a small solid state transducer (Gaeltec 
3EA) to measure pericardial pressure directly in man 
in the postoperative period after cardiopulmonary 
bypass. Left ventricular diastolic properties have been 
altered using isometric stress testing and glyceryl 
trinitrate administration and associated changes in 
pericardial pressure measured. 


Subjects and methods 


Twenty-four patients were studied during the post- 
operative period after cardiopulmonary bypass for 
saphenous vein bypass grafting in 18 patients, and for 
valve replacement in six. 

Pericardial pressure was measured with a Gaeltec 
3EA solid state transducer. This had an external 
diameter of 3 mm, low temperature sensitivity, and a 
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resonant frequency of 50 kHz. The zero drift was low 
and in the present study was found to be « 2 mmHg 
in 10 days. It was calibrated in saline at 37?C before 
insertion and was used in conjunction with a Gaeltec 
S7 control unit amplifier with an isolated input. 

The transducer was inserted into the pericardial 
space by a separate wound at the end of the operation 
and was left in situ for up to 10 days. The pericardium 
was closed once the transducer had been positioned. 
Previous studies! had shown that the site used for 
transducer placement did not significantly affect the 
pressure recorded. In all cases the zero for pressure 
measurement was taken as atmospheric. 

Daily recordings of mean and phasic pericardial 
pressure were recorded. On the seventh post- 
operative day, simultaneous echo-, phono-, arid apex- 
cardiographic recordings were also made along with 
standard lead II of the electrocardiogram using Cam- 
bridge Instruments Equipment. Echocardiograms 
were recorded at the level of the tips of the mitral 
valve leaflets to show the time of separation of anterior 
and posterior cusps at the start of ventricular filling. 
Left ventricular cavity size was estimated at this level 
as the distance between the leading edge of the echoes 
from the left side of the septum and the endocardium 
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of the posterior wall. Phonocardiograms were 
recorded from the left sternal edge, using a medium 
or high frequency filter in the position where A,, the 
onset of the initial high frequency vibration of the 
aortic component of the second heart sound, was most 
obvious. This was definitively identified either from its 
relation to the dicrotic notch of the indirect carotid 
pulse, or from the aortic valve echogram. Apexcar- 
diograms were recorded using a transducer of time 
constant 4 seconds and lower frequency limit of 0-05 
Hz. Records were made photographically at a paper 
speed of 100 mm/s and digitised .? 

From these records, the following measurements 
were made. 


(1) DIMENSIONS 

From the digitised echocardiogram—end-diastolic 
(synchronous with the q wave of the electrocardio- 
gram) and minimum cavity dimension. 


(2) TIME INTERVALS 

(a) Isovolumic relaxation time—the interval bet- 
ween À, and the onset of mitral valve opening. This 
interval has previously been shown to bear strong and 
negative correlation with left ventricular end-diastolic 
pressure.? 

(b) A, to the O point of the apexcardiogram. This 
interval has been studied in the past as isovolumic 
relaxation time* but can be more usefully regarded as 
a measure of the time taken by the left ventricular 
pressure to fall to its minimum value at the end of 
ejection. Like true isovolumic relaxation time ((a) 
above) this interval is strongly and negatively corre- 
lated with left ventricular end-diastolic pressure.? 

(c) O point to the peak of the f wave (rapid filling 
wave in early diastole) of the apexcardiogram. 


(3) RELATIVE AMPLITUDE OF F WAVE OF 
APEXCARDIOGRAM EXPRESSED AS PERCENTAGE 
OF TOTAL AMPLITUDE 

The timing and relative amplitude of the f wave relate 
to both the duration of the isovolumic relaxation time 
and the end-diastolic pressure, a high end-diastolic 
pressure being associated with an earlier f wave of 
increased relative amplitude.? 

After completing control measurements, the 
patients performed isometric handgrip by squeezing a 
sphygmomanometer .bulb at 3096 of the maximum 
force they could generate for three to five minutes 
until the onset of fatigue. Recordings of pericardial 
pressure and echo-, phono-, and apexcardiograms 
were made during the last 30 seconds of effort. After 
20 minutes rest, control measurements were repeated 
and the patients took two 0-5 mg glyceryl trinitrate 
tablets sublingually over an interval of five minutes. 
Measurements of pericardial pressure and echo-, 
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phono-,.and apexcardiographic recordings were re- 
peated at two, five, 10, and 20 minutes; those coincid- 
ing with the maximum heart rate response were 
noted. Changes in measured diastolic properties were 
correlated with changes in pericardial pressure. 

This study had the approval of the Ethics Com- 
mittee of the National Heart and Chest Hospitals. 


Results 


(1) PERICARDIAL PRESSURE 
MEASUREMENTS-—MEAN AND PHASIC 

During the first 24 hours after operation, the mean 
pericardial pressure was in the range of 2 to 5 mmHg. 
After this time there was a consistent fall in mean 
pressure to less than 3 mmHg, the average value by 
the seventh postoperative day being 2*1 mmHg 
(mean + 1 SD) (Fig. 1). Phasic waveforms varied 
with mean pericardial pressure, so that when pressure 
was low, the overall amplitude of the waveform was 
small. Regardless of amplitude, however, the highest 
values in the cardiac cycle were always recorded dur- 
ing isovolumic contraction, reaching a peak which 
coincided with ejection. Pericardial pressure then fell 
and was at its lowest during late ejection or isovolumic 
relaxation, increasing again during ventricular filling 
(Fig. 2). 

In individual patients, measurements of pericardial 
pressure were closely linked to clinical status, for 
example high pericardial pressures were found to cor- 
relate with the presence of postoperative tamponade. 


(2) EFFECTS OF GLYCERYL TRINITRATE AND 
ISOMETRIC EXERCISE 


(a) Heart rate, arterial pressure, and cavity dimensions 
Well documented changes? in heart rate and arterial 
pressure were produced by glyceryl trinitrate 
administration and isometric exercise. Glyceryl trini- 
trate produced an increase in heart rate (mean 
increase: + 5 beats/min) and decrease in systolic (— 
11 mmHg) and diastolic (— 3 mmHg) arterial pres- 
sure. Isometric exercise caused an increase in both 
heart rate (+ 15 beats/min) and systolic (+ 28 mmHg) 
and diastolic (+ 15 mmHg) pressure. 

After administration of glyceryl trinitrate cavity 
dimensions fell at end-systole (mean decrease = 0-9 
mm, p<0-001) and end-diastole (mean decrease — 2-9 
mm, p<0-001) (Table 1). Isometric stress caused an 
increase in cavity dimension at end-systole (+ 1-0 
mm, p« 0-001) and end-diastole (+ 1-8 mm, p<0-001) 
(Table 1). 


(b) Diastolic time intervals (Table 2) 
Glyceryl trinitrate prolonged isovolumic relaxation 
time from 82+6 ms to 112+8 ms (p<0-01), A,-O point 
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Fig. 1 Mean pericardial pressure at 
varying time intervals after 
cardiopulmonary bypass. Results 
shown are mean + 1 SD. 
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Fig. 2 Phasic waveform of pericardial pressure with 
superimposed left ventricular pressure trace. 


interval from 138+18 ms to 153+10 ms (p<0-05), and 
O-f wave interval from 76+8 ms to 85+3 ms 
(p<0-05); the relative amplitude of the f wave fell 
from 24:9 to 11-696 (p<0-02). Isometric stress 
caused isovolumic relaxation time to shorten from 
86+8 ms to 69+5 ms (p«0-01); A,-O point and O-f 
intervals tended to shorten but these changes did not 
reach statistical significance. 


(c) Pericardial pressure 
Under control conditions, mean pericardial pressure 


on the seventh postoperative day was 2+1 mmHg 
(Fig. D). After glyceryl trinitrate administration or 
isometric stress testing, there were no significant 
changes in pressure recorded, values being 1+1 and 
2+1 mmHg, respectively (Table 2). The amplitude of 
phasic changes in pericardial pressure was not 
affected. 


Discussion 


Left ventricular diastolic pressures have considerable 
physiological significance and are frequently used to 
document the presence of disease or as a basis for 
clinical decision making. Their rigorous determina- 
tion, however, presents difficulties, since the zero 
reference is usually taken as the pressure at mid- 
thorax, sternal angle, or of the atmosphere, so that 
pressure differences across the myocardium are not, 
in fact, measured. Whether this technical limitation is 
of clinical or physiological significance remains uncer- 
tain, though when contradictory findings arise in the 
course of experiment, the fundamentals on which 
such measurements are based must be carefully 
examined. For this reason we have determined 
pericardial pressure directly in patients after open 
heart surgery. The method, described in detail else- 
where,! involves the positioning of a solid state trans- 
ducer immediately behind the posterior left ventricu- 
lar. wall, its exact position being unimportant. Mean 
and phasic traces derived by this method are similar to 
those previously reported from animals," and in 
individual patients they have been found to correlate 
with the presence or absence of postoperative tam- 
ponade. In the present study, measurements were: 
made seven days after operation. À possible limitation 
of the method is that it is applicable only to patients 
who have undergone open heart surgery, and who are 
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Table 1 Effect of isometric handgrip and glyceryl trinitrate administration on cavity dimensions at end-systole (ESD) and 








end-diastole (EDD) 
Case No. Isometric exercise Giyceryl trinitrate 
EDD (mm) ESD (mm) EDD (mm) ESD (mm) 
Pre Post Pre Post Pre Post Pre Post 
1 58 60 46 47 59 56 46 46 
2 SI 52 40 42 51 50 40 39 
3 40 41 33 35 39 37 32 31 
4 43 44 31 32 43 40 30 30 
S 43 43 32 33 44 40 32 30 
6 42 43 31 32 42 40 29 27 
7 41 44 33 33 4] 39 32 32 
8 48 49 35 36 47 . 42 35 35 
9 38 42 28 30 38 34 27 26 
10 39 42 31 32 39 37 30 30 
ll 38 41 31 31 38 35 31 30 
12 34 36 26 27 33 30 24 22 
13 41 42 28 29 40 38 28 28 
14 46 47 32 33 46 41 33 31 
15 50 52 39 39 50 46 40 40 
16 48 50 40 42 48 45 38 36 
17 39 39 32 33 39 36 30 30 
18 50 51 37 38 51 47 38 37 
19 43 45 30 32 43 42 31 30 
20 4] 43 32 33 41 39 32 31 
21 40 42 32 32 40 39 31 30 
22 46 49 36 38 47 42 36 34 
23 46 48 36 37 46 43 37 36 
24 40 44 31 31 39 37 30 30 
Mean increase 1-83 mm 1-04 mm 
Mean decrease 2-88 mm 0-90 mm 
Significance — p« 0-001 p<0-001 p«0-001 





Table 2 Effect of isometric handgrip and glyceryl trinitrate administration on isovolumic relaxation time and on 


pericardial pressure a 





Glyceryl trinitrate 


Pericardial pressure (mmHg) 
Isometric handgrip 


Pericardial pressure (mmHg) 


thus more likely than normal subjects to have left 
ventricular disease. In addition, the pericardium, hav- 
ing recently been subject to surgical trauma, is likely 
to be oedematous and hyperaemic, so that it is likely 
to be stiffer than normal, and the complicance of the 
pericardial space reduced. 

In spite of these considerations, pericardial press- 
ure seven days after operation was low, and was unaf- 
fected by changes in left ventricular cavity size 
induced by glyceryl trinitrate or isometric handgrip. 
These latter were large, amounting to approximately 
1096 of transverse dimension, which might be 
expected to correspond to volume changes between 25 
and 3096. Since glyceryl trinitrate is normally held to 
act by reducing venous return, right ventricular cavity 
size is also likely to have fallen. Similarly, after 


Isovolumic relaxation time (ms) 


Isovolumic relaxation time (ms) 


Control Change 

82+ 6 3025 
(p«0-01) 

221 —~ 1+ 1QNS) 

86 +8 -17 +7 
(p<0-01) 

221 0i 


isometric handgrip, left atrial and hence pulmonary 
artery pressure can both be presumed to have risen, so 
that right ventricular volume changes were in the 
same direction as those of the left. We conclude, 
therefore, that even in the rather unusual conditions 
of the early postoperative period when the sensitivity 
of pericardial pressure to small volume changes might 
be expected to be increased, substantial changes in 
cardiac chamber size can occur without detectable 
alteration in pericardial pressure. 

In spite of this, however, changes in left ventricular 
diastolic pressure could be shown. Glyceryl trinitrate 
caused arterial pressure to fall and yet isovolumic 
relaxation time was prolonged, suggesting a 
significant fall in left atrial and left ventricular end- 
diastolic pressure,’ while exactly the reverse occurred 


Left ventricular diastole and pericardial pressure 


during isometric handgrip. Thus, these two man- 
oeuvres both caused well defined changes in left ven- 
tricular diastolic behaviour, suggesting significant 
changes in both end-diastolic pressure and volume. 
There has been much interest in the published 
reports as to the extent to which measured left ven- 
tricular diastolic properties are affected by the 
pericardium. Holt's early work? suggested an effect of 
the pericardium on the diastolic pressure-volume rela- 
tions of the ventricle, which were significantly shifted 
when the pericardium was removed. Similarly, vol- 
ume loading of the heart with the pericardium intact 
in dogs shifts the entire left ventricular pressure vol- 
ume curve upwards, primarily because of a rise in 
intrapericardial pressure.? Nitroprusside infusion in 
the presence of such acute cardiac distension displaces 
the curve downwards again as pericardial pressure 
falls. These acute shifts are abolished after removal of 
the pericardium. By contrast, Mann et al. 1° noted that 
when patients with ischaemic heart disease were 
paced, the increase in left ventricular end-diastolic 
pressure in the left ventricle was greater than that in 
the right. This finding is incompatible with the idea 
that the increase in left ventricular end-diastolic pres- 
sure is solely the result of mechanical coupling bet- 
ween the two ventricles, mediated by an intact 
pericardium. Similarly, Ludbrook et al.!! noted that 
administration of glyceryl trinitrate shifted the 
pressure-volume curve downwards in a group of 
patients with ischaemic heart disease. Since right ven- 
tricular pressures and left ventricular end-diastolic 
volumes were not significantly increased in any of 
their patients, it seems unlikely that pericardial re- 
striction played any significant part in the displace- 
ment of the pressure-volume curves. Our results are 
wholly compatible with these. Major changes in left 
ventricular cavity size, and probably in left ventricu- 
lar end-diastolic pressure occurred in the absence of 
any significant change in pericardial pressure. Clearly, 
these observations do not exclude such an increase in 
individual cases as a mechanism of impairment of left 
ventricular filling; indeed, it forms the basis of the 
haemodynamic disturbance of pericardial tamponade. 
It is uncommon, however, closely related to the pres- 
ence of pericardial disease, and does not appear to 
operate in the majority of cases. We conclude, there- 
fore, that changes in left ventricular diastolic function 
measured invasively by others, and non-invasively by 
ourselves cannot be routinely ascribed to such exter- 
nal influences. Rather, it seems that primary changes 
in the passive properties of the left ventricle can be 
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induced by drugs or other manoeuvres in. patients 
with heart disease. The exact nature of these changes 
remains obscure, though their clinical and theoretical 
significance is profound. With their existence more 
firmly established, further studies of their underlying 
mechanism seem justified. 
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Exercise testing in mitral valve prolapse before and 
after beta blockade 


EDWARD G ABINADER, JULIO SHAHAR 


From the Heart Institute and Intensive Coronary Care Unit, Rothschild University —— Medical Faculty, 
Technion, Haifa, Israel 


SUMMARY Exercise electrocardiograms must be interpreted with the understanding that not every 
positive test is indicative of coronary, artery disease. Mitral valve prolapse mimics coronary heart 
disease clinically and often in the electrocardiographic response to exercise. Twelve patients with 
mitral valve prolapse in whom exercise testing was positive underwent a repeat study after beta 
blockade. All tracings returned to normal after adequate blockade, evidenced by 17 to 2296 reduc- 
tion of resting and'exercise heart rates. To the best of our knowledge, this is the first such report in 
the English literature. 

The results of this study suggest that an exercise test after beta blockade should become part of 
the routine procedure in such patients. The elimination of false positive electrocardiographic 
responses by beta blockade should help improve the specificity of the exercise test. Moreover, 


similar responses should lead to the suspicion of mitral valve prolapse. 


The resting electrocardiogram is a poor predictor of 
coronary disease, and the value of exercise testing in 
detecting myocardial ischaemia remains controver- 
sial.| Exercise tests must be interpreted with the 
understanding that not every positive test is indicative 
of coronary artery disease. 

Mitral valve prolapse is a common entity, many of 


whose features mimic those of coronary- artery dis- ~~ 


ease. Resting and exercise-induced electrocardio- 
graphic abnormalities in repolarisation in patients 
with mitral valve prolapse compound further the 
problem of differentiation. 

One of us has studied the effect of beta blockade on 
the resting electrocardiogram in mitral valve prolapse? 
and suggested that these changes may be due to the 
result of sympathetic overactivity. Ás exercise testing 
in mitral valve prolapse often induces changes in 
repolarisation, which mimic coronary heart disease, it 
seemed appropriate to investigate the effect of beta 
blockade on the electrocardiographic response to 
exercise in these patients. 


Subjects and methods 
Thirty-eight patients with mitral valve prolapse 
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underwent exercise testing. Twelve (31-6%) of these 
patients, nine women and three men, had a positive 
test. Their average age was 42, with a range of 24 to 55 
years, All patients had clinical and echocardiographic 
evidence of mitral valve prolapse. Those revealing 
pathological ST changes on exercise testing were 
included in this study, and none showed significant 
coronary disease on angiography. None had any evi- 
dence of coronary heart disease, cardiac failure, bron- 
chial asthma, or bundle-branch block. All patients 
had their electrocardiograms recorded in the fasting 
state, having stopped all drugs in the preceding week. 

A Hewlett Packard 1500 B electrocardiogram was 
used at a paper speed of 25 mm per second and stan- 
dardised to give a deflection of 10 mm for 1 mV. 
Symptom-limited exercise testing was performed in 
the usual manner registering leads III and V5 every 
minute during exercise and the 10: minute recovery 
period, using bicycle ergometry (Elema Schonander 
A-B). Blood pressure was recorded before and during 
the exercise test and in the recovery period. The first 
test was performed before and the second repeated 
one hour after 40 mg oral propanolol in patients who 
had had a previously positive test. The criteria for a 


positive exercise test^were the development of: ST 


segment depression >] mm and lasting 80 ms or 
more. 
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. Table Symptoms and findings at rest and during exercise before and after beta blockade- _ _ 





Case Age Sex Symptoms Chest pain Resting Exercise electrocardiogram Exercise electrocardiogram 
No. (y electrocardiogram before beta blockade* after beta blockade** 
1 34 F — — HR 77/min HR 172/min HR 140/min 
T HI- VE , 
2 52 M — Atypical HR 68/min HR 164/min HR 105/min 
T} III, flat T aVF l 
3 35 F — — HA A HR 160/min HR 128/min 
4 55 F Palpitation Atypical HR 90/min HR 164/min HR 130/min 
Ti II, VS, 
flat T aVF 
5 38 M Palpitation — HR 95/min HR 170/min HR 150/min 
VE VE VE 
6 33 F Dyspnoea — HR 95/min HR 166/min HR 123/min 
7 49 F Dyspnoea Atypical HR 82/min, HR 164/min HR 126/min 
flat T V1-V4 
Ti V5, V6 
8 54 M — — HR 80/min HR 164/min HR 127/min 
T} It, aVF 
9 46 F Palpitation Atypical HE ms n Losin HR 136/min 
10 24 F Palpitation, — — HR 100/min HR 180/min HR 148/min. 
dyspnoea ; 
ll 48 F — = HR 77/min, HR 158/min HR 133/min 
flat T III, aVF VE 
12 36 F Palpitation — HR 84/min HR 166/min HR 124/min 
T} III, VE VE VE 





* AII patients revealed pathological ST’ depression. 
**None developed ST depression. 
VE, ventricular extrasystoles; HR, heart rate. 


Results ` 


The Table refers to clinical and electrocardiographic 
findings at rest and exercise. Nine of the 12 patients 
(75%) had minor T wave changes predominantly in 
leads III and aVF. None had resting ST depression. 
Five patients (41-696) experienced atypical chest pain 
during exercise, four (33-396) complained of dysp- 
noea, and seven (58-396) had palpitation. Beta block- 
ers alleviated chest pain in two patients, dyspnoea in 
one, and palpitation in three. Five patients had ven- 
tricular extrasystoles during exercise when un-beta 
blocked which persisted in two patients after beta 
blockade. Changes were more prominent on exercise 
in lead V5. Beta blockade had no significant effect on 
blood pressure. 

Analysis of the pattern of ST depression during 
exercise without-beta blockade shewed the following: 
five (41:696) developed electrocardiographic abnor- 
malities during early exercise; nine (7596) showed ST 
changes during the middle of exercise; five (41-696) 
showed abnormalities during.peak exercise but none 
Originating at this stage; five (41.696) had abnor- 
malities in the early recovery phase but only in two 
patients (16-696) did these changes appear initially at 
this stage. 

Before beta blockade the average resting heart rate 
was 83-9 beats/min (range: 68 to 100 beats/min); on 
exercise the average peak rate reached 166-5 beats/min 
(range: 158 to 180 beats/min). One hour after pro- 


pranolol the average resting heart-rate was 69-4 - 
beats/min (range: 52 to 82 beats/min), 82-796 of that 
before beta blockade. The peak exercise rate was now 
130 beats/min (range: 105 to 150 beats/min), 7896 of 
that before beta blockade. All tracings returned to 
normal (Fig. 1 and 2) when the exercise test was re- 
peated one hour after oral propranolol. Fig. 3 a and b 
shows cardiograms from two patients in whom, even 
though thé rate achieved after beta blockade was 
higher than that at which ST changes appeared before 
medication, the exercise electrocardiogram failed to 
disclose ST changes after propranolol. 


Discussion 


It has been suggested that ethical obligations if not 
psychological pressure may enforce the performance 


. ef coronary angiography on all asymptomatic indi- 


viduals with exercise-induced ST segment depres- 
sion.! The pressure to undertake coronary angiogra- 
phy is even greater in patients with symptoms and an 
abnormal exercise test. Mitral valve prolapse is a dis- 
order in which clinical features may mimic those of 
coronary heart disease and exercise tests are often 
positive. The prevalence of abnormal exercise tests 
varies from 10 to.60%3; the overall prevalence, how- 
ever, is in the region of 3396.* The risk and high cost 
of coronary angiography make it unsuitable for gen- 
eral use. Thus, any method that improves the diag- 
nostic accuracy of the electrocardiographic response 
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Note downsloping ST 


depression appearing (a) before propranolol at the rate of 


, 


one hour after 40 mg 
Coronary angiogram was normal. 


| Lead VS of an exercise 


. 


electrocardiogram of a young woman with mitral 


valve prolapse and atypical chest discomfort. 
Left—significant ST depression before 
propranolol. Right—normal ST segment one 


hour after 40 mg propranolol. 
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Exercise testing in mitral valve prolapse before and after beta blockade 


to exercise will be valuable in the management of 
patients in general and those suffering from mitral 
valve prolapse in particular. 

Following an attempt to elucidate the electrocar- 
diographic findings in mitral valve prolapse by the 
effect of beta blockade on the resting electrocardio- 
gram,? sympathetic overactivity as the basis for these 
electrocardiographic abnormalities and other features 
related to mitral valve prolapse was studied and later 
confirmed by metabolic studies.5 The adequacy of 
beta blockade in the present study was confirmed by 
17 to 2296 reduction in resting and exercise heart 
rates. The exercise response of all patients returned to 
normal (Fig. 1 and 2). The pronounced “ischaemic” 
type ST depression appearing at exercise and during 
recovery returned to normal completely after beta 
blockade. 

Thus our patients with mitral valve prolapse 
behaved similarly to the non-coronary group reported 
by Marcomichelakis et al., in which 19 of 20 exercise 
tests returned to normal after beta blockade in 
patients none of whom had coronary heart disease or 
mitral valve prolapse. Exercise electrocardiograms 
after beta blockade, however, remained positive in 43 
of their 44 patients with coronary artery disease; thus 
specificity and predictive value were improved with- 
out reduction in sensitivity. The chronotropic effect 
of propranolol does not seem to play a significant role 
as shown in Fig. 3. Two patients showed “ischaemic” 
ST depression before propranolol at a rate of 109 and 
82.a minute, respectively. After propranolol these 
rates were surpassed, 119 and 100 a minute, respec- 
tively, and yet no ST changes appeared. 

Twelve out of the 38 patients with mitral valve pro- 
lapse who performed an exercise test showed an 
abnormal result, a prevalence of 31:696. Though the 
contour of the ST segment depression was 
*"ischaemic"-like, its behaviour differed from that 
seen in true ischaemia. Thus, 7596 of the patients 
showed the abnormal response in the middle of the 
exercise period; the ST depression persisted through 
the peak exercise stage in only 41-6% of our patients 
and in none did it originate at this stage. 

Our results are in keeping with the thesis that the 
ischaemic-like electrocardiographic abnormalities in 
mitral valve prolapse at rest? and at exercise are not of 
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coronary origin, but are a consequence of sympathetic 
overactivity and increased catecholamines or of 
altered myocardial sensitivity to these amines. 
Furthermore, exercise-induced electrocardiographic 
changes resembling those of ischaemia may be 
mimicked by adrenaline infusion and blocked by 
oxprenolol.? 

If our observations are confirmed, the need for 
coronary angiography will be much reduced in symp- 
tomatic patients with mitral valve prolapse and posi- 
tive exercise tests. We suggest that an exercise test 
after beta blockade should become part of the routine 
procedure in investigating such patients. Moreover, 
by eliminating false positive electrocardiographic 
responses in this group of patients, the specificity of 
exercise testing in the investigation of coronary heart 
disease will be improved. 
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Effect of heparin on plasma free fatty acid 
concentrations after acute myocardial infarction 
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SUMMARY Free fatty acid concentrations in plasma measured after in vivo heparinisation are often 
overestimated because of ex vivo lipolysis of variable degrees. À new method has been developed 
using immediate extraction of blood which obviates this and shows that the true rise in plasma free 
fatty acid concentration after heparin in ambulant ward patients and in patients with acute myocar- 
dial infarction is less than previously reported. The small rise in plasma free fatty acid concentration 
after heparin is unlikely to have adverse metabolic effects in most patients during acute myocardial 


infarction. 


In addition to its anticoagulant action heparin has the 
effect of releasing several lipolytic enzymes into the 
circulation.! These act on circulating triglycerides and 
phospholipids to release free fatty acids and result in a 
raised level of plasma free fatty acid concentration. 
This may have an adverse effect on patients with acute 
myocardial infarction, as an association has been 
shown between raised plasma free fatty acid concen- 
trations, serious ventricular arrhythmias, and poor 
prognosis.7* Increments in plasma free fatty acid 
concentration after heparin in man have been 
reported as varying between 750 and 1100 j.mol/1.5 6 
Recorded values may be overestimated, however, in 
view of continuing ex vivo lipolysis before extraction. 

The extent of this problem has been assessed by 
developing a technique of free fatty acid analysis after 
immediate whole blood extraction to eliminate ex vivo 
lipolysis, and determining the true heparin-induced 
rise in plasma free fatty acid concentration in ambul- 
ant ward patients and in patients after acute myocar- 
dial infarction. Data are compared with those 
obtained by plasma extraction techniques. 


Methods 


The time course of plasma free fatty acid concentra- 
tions after the intravenous administration of heparin 
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12 500 international units (IU) was examined in three 
groups of patients. The first group (randomly selected 
general ward patients) consisted of nine men and one 
woman, aged 42 to:63 years. Their weights were be- 
tween 49 and 99 kg. The patients were studied after 
overnight fasting. All except one were ambulant and 
one had known ischaemic heart disease. 

The second (n— 10) and third (n=10) groups con- 
sisted of patients who had had an acute myocardial 
infarction, and were admitted to the coronary care 
unit of the Royal Infirmary, Edinburgh. There were 
17 men and three women (aged 38 to 69 years). The 
diagnosis was considered established if the criteria 
recommended by tlie World Health Organisation 
were fulfilled. Patients with a history of bleeding dis- 
orders, those in cardiogenic shock (systolic blood 
pressure «90 mmHg), or those requiring pacing or 
antiarrhythmic treatment were excluded, as were those 
on beta blockers or antilipolytic agents. 

In a pilot study the effect of intravenous heparin 
(10 000 IU) was examined on ex vivo lipolysis in eight 
ambulant ward patients at peak lipaemia approxi- 
mately two hours after lunch. 

Informed consent was obtained from all patients. 
The study was approved by the local ethical commit- 
tee. 


PROCEDURE 

The same procedure was followed in each group of 
patients. After insertion of a cannula in the ante- 
cubital vein, blood samples were taken for estimation 
of plasma triglyceride and free fatty acid concentra- 
tions, both 5 minutes and immediately before 
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administration of 12 500 IU heparin intravenously 
and for estimation of plasma free fatty acid concentra- 
tions at five, 10, 15, 30, 45, 60, and 90 minutes after 
administration of heparin. 

Blood samples were processed for free fatty acid 
estimations in three ways: (1) from one aliquot of the 
blood sample free fatty acids were extracted immedi- 
ately without centrifugation using a newly developed 
method (see laboratory methods); (2) from another 
aliquot free fatty acids were extracted immediately 
after separation of plasma and blood cells by a short 
centrifugation at room temperature, with a four 
minute delay; (3) another aliquot of the sample was 
processed using our standard laboratory free fatty acid 
procedure (20 minute delay). 


LABORATORY PROCEDURES 

Plasma free fatty acid concentrations were determined 
using a titrimetric method.’ To avoid lipolysis in 
blood samples taken from subjects given beparin, dur- 
ing blood cell separation and processing leading to 
artificially high plasma free fatty acid concentrations, 
a new method was developed.® Free fatty acids were 
immediately extracted into n-heptane from a whole 
-blood sample (0-75 ml), as described for plasma sam- 
ples." Plasma and red cell membrane phospholipids 
were removed from a 2-0 ml aliquot of the extract by 


selective adsorption to 200 mg silicic acid.? The phos- 


pholipid free extract was evaporated under a stream of 
nitrogen in a heating block set at'60?C. The fatty acids 
were redissolved in 3 ml chloroform-n-heptane 8:7 
(vol/vol) and converted into their 53Ni-salts!? by addi- 
tion of 200 yl triethaolamine stabilised $?Ni solution 
in KBr. Final concentrations: triethanolamine 7-596 
(vol/vol); KBr 40-596 (wt/vol); Ni (NO), 0-5 mmol/l; 
63Ni specific activity (NBS 1, Amersham Interna- 
tional) 4 mCi/mmol. After vigorous mixing for 15 to 
20 seconds, followed by a short centrifugation (5 
minutes at 1500 g) to separate the water and 
chloroform-heptane phases, the radioactive Ni-fatty 
acid salts in 1 ml of the upper chloroform-heptane 
phases were analysed by liquid scintillation counting 


using 9 ml liquid scintillant (NE 260, New England.. 


Nuclear). The method was calibrated using 99*% 
pure palmitic acid standards (British Drug House, 
Poole) dissolved in heptane, and taken through the 
extraction procedure. 

The concentrations of fatty acids in blood extracts 
were expressed in terms of plasma concentrations, 
using a factor based on the packed cell volume, 
determined in quadruplicate using a Hawksley 
micro-haematocrit centrifuge. 

The extraction of albumin-bound ?H-palmitate 
added to eight different human blood samples was on 
average 100-0 1.796 (mean SEM). More than 94% 
of pure lecithin (2-75 mg/ml in heptane) was selec- 
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tively absorbed to silicic acid. Blood lactate concentra- 
tions of less than 3-2 mmol/l do not interfere; interfer- 
ences by higher concentration were not examined. 

The precision of the method was assessed by 
repeatedly (10 times) analysing a palmitic acid stan- 
dard (400 jzmol/l) on two occasions. The coefficients 
of variations were 6 and 8-596, respectively. 

No statistically significant differences were found 
when results of the whole blood method were com- 
pared with the standard plasma free fatty acid tit- 
rimetric procedure in non-heparinised subjects, both 
when plasma free fatty acid concentrations are raised 
(Fig. 3) or within normal range (Fig. 2 and 4), p^ 0-05 
paired t test. 

Plasma triglycerides were determined in extracts 
(0-5 mD, prepared immediately after collection, by an 
automated fluorimetric method.!! Appropriate cor- 
rections for interference by free glycerol were made. 
The coefficient of variation of the method was 296. 

In patients with acute myocardial infarction, the 
vectorcardiogram was monitored in order to assess 
changes in ST segments as described previously.!? 

Results are expressed as mean x SEM. The effect of 
heparin on plasma free fatty acid concentrations and 
differences between results obtained with the three 
free fatty acid methods were analysed using a paired 
Student's t test. P>0-05 was considered statistically 
nonsignificant. 


Results 


EX VIVO LIPOLYSIS AFTER HEPARIN 
ADMINISTRATION 

Ex vivo lipolysis indicated by a rise in plasma free 
fatty acid concentrations was observed in blood sam- 
ples obtained 15 minutes after the administration of 
10 000 IU heparin to eight ambulant ward patients at 
peak lipaemia approximately two hours after lunch. 
Plasma triglyceride concentrations before administra- 
tion of heparin ranged from 1-3 to 4-4; mean+SD: 
3-1+1-0 mmol/l. When blood samples were incubated 
at room temperature plasma free fatty acid concentra- 
tions rose at a rate of approximately 30 umol/] per min 
(Fig. 1). Cooling of blood did not prevent the increase 
in plasma free fatty acid concentration completely and 
in particular the initial rise was not abolished. 


EFFECT OF HEPARIN ON IN VIVO PLASMA FREE 
FATTY ACID CONCENTRATIONS 

An intravenous injection of heparin (12 500 IU) was 
given after overnight fasting to 10 general ward 
patients. Plasma free fatty acid concentrations, 
determined in whole blood extracts, increased in a 
time dependent manner from 802+ 104 (range 365 to 
1327) to a maximum of 993-95 umol/l (range 548 to 
1368) and returned to pre-heparin values approxi- 


136 


3000 


FFA 
(umol /1) 


2000 


1000 





FFA 


Riemersma, Logan, Russell, Smith, Simpson, Oliver 


| 


=! Fig. 1 Effect of temperature on ex vivo lipolysis in blood 
room temperature samples from postprandial subjects given heparin. Comparison of 


— plasma free fatty acid concentrations tn blood samples, taken 15 
I minutes after 10 000 IU heparin intravenously. (@) Samples 
l stored on ice; (P) stored at room temperature. Plasma free fatty 
acids were extracted at the indicated time after collection. Means 
of seven to eight observations + SEM. Difference between all 


pairs is significant (paired t test, p <0-01). - 


Q blood extract (n - 10) 
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@ plasma extract (20 min delay 
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Fig. 2 The effect of heparin (12 500 IU intravenously) on plasma free fatty acid 
concentrations in 10 general ward patients after overnight fasting. Comparison of free fatty 
acid methods: © measured in whole blood extracts; & measured titrimetrically in plasma 
samples extracted within four minutes of blood collection; W measured titrimetrically (20 
minutes delay). 

Note that before heparin was given free fatty acid concentrations were similar, but after 
heparin the methods gave significantly different results (n=8-10, paired t test 

0-01 «p «0-05). 
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Fig. 3 The effect of heparin (12 500 IU intravenously) on plasma free fatty acid 
concentrations in 10 patients with acute myocardial infarction (<6¥2 hours after onset of 
symptoms). Symbols as in Fig. 2. l 
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Min, 
"  Fig.4 The effect of heparin (12 500 IU intravenously) on plasma free fatty acid 
-7 1., concentrations in 10 patients with acute myocardial infarction (between 16 and 22 hours 
P anch us after onset of symptoms). Note mean plasma free fatty acid concentrations before heparin are 
"CREE . lower than in patients with acute myocardial infarction studied earlier (Fig. 3). Symbols as 
in Fig. 2. 


138 


mately 45 minutes later (Fig. 2). 

Plasma free fatty acid concentrations determined by 
both whole blood and rapid plasma extraction (four 
minutes delay) before administration of heparin were 
not significantly different. After administration, tit- 
rimetrically measured levels of heparin were consis- 
tently higher than those measured by the whole blood 
extraction method. Differences in free fatty acid levels 
recorded between the two methods were significant at 
all sampling periods after heparin (paired t test, 
0-01 «p« 0-05). 

When the extraction of plasma samples was delayed 
by 20 minutes, plasma free fatty acid concentrations 
were even higher. The increase in plasma free fatty 
acid concentrations 15 minutes after heparin over the 
pre-heparin value was then 693 nmol/l. This repre- 
sents a 26096 overestimation of plasma free fatty acid 
concentrations, when allowance is made for the 
"true" in vivo increase in the concentrations of 
plasma free fatty acids of 191 uumol/1 (Fig. 2). This 
overestimation was closely related to the initial plasma 
triglyceride concentrations (r=0-82, n=8, p<0-01). 


EFFECT OF HEPARIN ON IN VIVO PLASMA FREE 
FATTY ACID CONCENTRATIONS DURING ACUTE 
MYOCARDIAL INFARCTION 

Plasma free fatty acid concentrations were raised in all 
patients admitted to the coronary care unit within six 
and a half hours after onset of symptoms of acute 
myocardial infarction: 1232+91 pmol/l (upper nor- 
mal limit is 900 umol) (Fig. 3). 

Before administration of heparin plasma free fatty 
acid values determined by all three methods did not 
differ significantly. As was observed in general ward 
patients, plasma free fatty acid concentrations after 
heparin were overestimated with the standard tit- 
rimetric method. The new method on whole blood 
extracts showed a true increment of 334-73 pmol/l. 

In 10 patents the effect of giving heparin was 
examined (12 500 IU) when plasma free fatty acid 
concentrations had passed their peak. Plasma free 
fatty acid levels returned to within the normal range 
in all but three patients studied between 16 and 22 
hours after onset of symptoms. After giving heparin 
plasma free fatty acid concentrations rose from 
658+80 to 983+94 pmol/l within 10 minutes (Fig. 4). 
This increment was similar to that observed in 
patients with acute myocardial infarction studied 
early after the onset of symptoms. Titrimetric analysis 
overestimated plasma free fatty acid concentrations 
after heparin also in these patients (Fig. 4). 

In six patients with acute myocardial infarction to 
whom heparin was administered within six and a half 
hours after the onset of symptoms ST segment vector 
magnitude was monitored and showed a gradual 
decline with respect to time before the administration 
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Table Effect of heparin on ST segment vector and plasma free 
fatty acid concentrations in six patients with acute myocardial 
infarction (<6¥ hours) 








Control Heparin 
At FFA max 60 min 
Free fatty acid 
concentration* 
(umol) 1243+132 1613+96 1372+132 
ST segment 
vector (mV) 0-18-- 0-02 0-17::0-03 0-17::0-02 


*Determined in whole blood extracts. 


of heparin. This trend was not altered during the 
course of a transient heparin-induced increase in 
plasma free fatty acid concentrations (Table). 


Discussion 


This study shows that the generally accepted proce- 
dures for the estimation of plasma free fatty acid con- 
centrations lead to serious overestimations in subjects 
given heparin, as a result of in vitro lipolysis. Unless 
precautions are taken to prevent lipolysis in blood 
specimens between withdrawal and extraction, artifi- 
cially high levels are obtained. This observation 
applies to blood taken from patients with and without 
acute myocardial infarction, who had been given 
heparin. In view of the high in vitro lipolytic rate 
(4%/min at room temperature), it was decided to 
extract whole blood specimens without processing. 
This new method will be valuable for studies where 
accurate measurements of plasma free fatty acid con- 
centrations are imperative. 

Using this method we have now shown that in con- 
valescent patients and patients with acute myocardial 
infarction plasma free fatty acid levels remained well 
within the physiological range, though plasma free 
fatty acid concentrations rose after the administration 
of heparin. The larger rises previously reported5 $ 
were mostly the result of delay in denaturing lipolytic 
enzymes in collected blood samples; in one of these 
studies? plasma triglyceride levels were not measured 
and it is possible that higher free fatty acid concentra- 
tions resulted from higher circulating triglyceride 
levels. Other studies showing higher plasma free fatty 
acid concentrations after administration of heparin to 
patients with coronary artery disease support the view 
that this error is common.!? !4 

Assessment of "true" plasma free fatty acid con- 
centrations is necessary for understanding the relative 
importance of the proposed detrimental and beneficial 
effects of heparin on the ischaemic myocardium. 
Raised plasma free fatty acid concentrations have 
been associated with the development of serious ven- 
tricular arrhythmias in patients with acute myocardial 
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infarction.2~4 An hypothesis was proposed that this 
effect of raised plasma free ‘fatty acid concentrations 
might lead to serious ventricular arrhythmias as a 
result of increasing oxygen requirements in the pres- 
ence of ischaemia or a detergent effect or relative 
impairment of myocardial glucose metabolism.!5 
Raised plasma free fatty acid concentrations exert a 
negative inotropic effect on the hypoxic or ischaemic 
myocardium,!6 17 which could offset the increase in 
myocardial oxygen consumption caused by the 
metabolic effects of free fatty acids. The relatively 
small “true” rise in plasma free fatty acid concentra- 
tions may explain why in our study and in previous 
studies heparin did. not exacerbate ST segment 
abnormalities!? 14 18 or increase myocardial oxygen 
consumption in patients with acute infarction.!4 19 

Heparin may have a protective role in addition to 
that against venous thromboembolism,”° by reducing 
blood viscosity and pulmonary oedema.?! Recently, it 
has been claimed to be more effective than beta block- 
ade on short term prognosis.2? If used in orthodox 
doses, provided there is no hyperlipidaemia, the 
metabolic effects on the ischaemic myocardium 
should be small and it should be safe in most patients 
when given several hours after the onset of symptoms. 
Its safety during the most acute phase has yet to be 
examined formally. In addition, its safety in the pres- 
ence of hyperlipidaemia must be investigated. 
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Acute electrophysiological effects of flecainide acetate 
on cardiac conduction and refractoriness in man 
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From the Department of Cardiology, St Bartholomew’s Hospital, London 


SUMMARY The electrophysiological effects of flecainide acetate (2 mg/kg as an intravenous infusion 
over five minutes) were assessed in 47 patients undergoing electrophysiological study. Seven patients 
had normal electrophysiology, 16 had a direct accessory atrioventricular pathway, 12 had dual 
atrioventricular nodal (AH) pathways, five had paroxysmal ventricular tachycardia, six had conduc- 
tion system disease, and one patient had a left atrial tachycardia. 

No significant change occurred in sinus cycle length. The PA interval, AH interval, and HV 
interval were all significantly prolonged. The QRS complex duration increased significantly. The 
QT interval showed slight prolongation due entirely to the increase in QRS duration. 

Refractoriness of the atrial and ventricular myocardium was slightly prolonged, but was 
significant only at ventricular level. No significant change occurred in refractoriness of the normal 
atrioventricular node. Pronounced prolongation of retrograde "fast" AH pathway refractoriness was 
observed in those patients with dual AH pathways. Anterograde and retrograde accessory pathway 
refractoriness were both greatly increased. 

These electrophysiological properties strongly suggest that flecainide will be useful in the man- 
agement of a wide variety of cardiac arrhythmias. It should be administered, however, with caution 
to patients with pre-existing conduction system disease. Because repolarisation is not delayed 
flecainide is unlikely to induce ventricular arrhythmias related to prolongation of the QT interval. 


Flecainide acetatet  (N-(2-piperidylmethyl)-2,5-bis 
(2,2,2-trifluoroethoxy) benzamide acetate) belongs to 
a unique series of trifluoroethoxybenzamides! ? which 
have proven antiarrhythmic activity against a variety 
of experimentally induced arrhythmias.?- 5 

Human pharmacokinetic studies have shown that 
flecainide is almost completely absorbed after oral 
administration, undergoes minimal hepatic biotrans- 
formation, and has a long plasma elimination half-life 
ranging from 11 to 22 hours,®’ properties that are 
highly desirable for the long term use of antiar- 
rhythmic agents. 

This study was undertaken to investigate the acute 
electrophysiological effects of intravenous flecainide 
on cardiac conduction and refractoriness in man. 


*In receipt of a grant from the Joint Research Board, St Bartholomew’s Hospital. 
TIn receipt of a British Heart Foundation Fellowship. 
Riker Laboratories, Loughborough, England. 
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Patients and methods 


Forty-seven patients, 27 male and 20 female, whose 
ages ranged from 16 to 80 (mean 42) years, underwent 
routine electrophysiological study for the investiga- 
tion of either symptoms suggesting or documentary 
evidence of recurrent arrhythmias or cardiac conduc- 
tion disturbances. The majority of patients with 
episodes of documented tachycardia had been previ- 
ously treated with a variety of antiarrhythmic agents. 
The clinical data are summarised in Table 1. 

Seven patients, in whom arrhythmias could not be 
provoked, were found to have normal cardiac elec- 
trophysiology. Sixteen patients had an accessory 
atrioventricular pathway with atrioventricular re- 
entrant (orthodromic) tachycardia which could be 
provoked. In eight of these patients accessory path- 
way conduction was bidirectional with ventricular 
pre-excitation (Wolff-Parkinson-White syndrome) 
while the other eight had conduction in the retrograde 
ventriculoatrial direction alone (that is elec- 
trophysiologically concealed). Twelve patients had 
dual AH conduction pathways with inducible intra 
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Table 1 Patient data 
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No of patients Age range (mean) - Sex Electrophysiological diagnosis 
7 16-60 (43) 5M, 2F Normal 
16 22-73 (41) 10M, 6F WPW overt 8 
concealed 8 
12 23—55 (38) 5M, 7F Dual AH pathways 
5 16-36 (27) 2M, 3F Ventricular tachycardia 
6 40-80 (63) 4M, 2F Conduction delay/block 
1 43 M Left atrial tachycardia 
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atrioventricular nodal re-entrant tachycardia. Five 
patients had recurrent paroxysmal ventricular 
tachycardia and one patient had an intermittent 
automatic left atrial tachycardia. Six patients under- 
went electrophysiological study to investigate conduc- 
tion disturbances involving the sinus node (two 
patients), atrioventricular node (one patient), or more 
distal conduction system (three patients). 


ELECTROPHYSIOLOGICAL STUDY 

All patients were studied in the non-sedated, post- 
absorptive state after written informed consent was 
obtained. All antiarrhythmic drugs were discontinued 
at least three drug elimination half-lives before the 
electrophysiological study. 

Under local anaesthesia (1% lignocaine) and 
fluoroscopic guidance four or five electrode wires were 
introduced into the heart. A hexapolar electrode was 
inserted via the left subclavian vein and positioned 
with its tip at the right ventricular apex. The two 
distal poles were used for right ventricular pacing and 
the four proximal poles were selected to obtain the 
best possible bipolar recording from the lateral wall of 
the high right atrium. Where appropriate a quadripo- 
lar electrode wire was introduced via the same subcla- 
vian vein and positioned in the coronary sinus for 
recording and stimulation. In the majority of patients 
these two electrode wires were left in situ at the com- 
pletion of the acute electrophysiological assessment in 
order to perform follow-up electrophysiological 
studies.’ Two bipolar electrode wires were introduced 
via a femoral vein. One electrode wire was advanced 
into the high right atrium for pacing and recording, 
and the other electrode wire was positioned against 
the septal leaflet of the tricuspid valve to record His 
potentials. This “His bundle" electrode wire was 
adjusted to record distinct low right atrial, His bun- 
dle, and right ventricular electrograms.? Intracardiac 
signals were filtered between: 50 and 500 Hz and 
recorded on a 16-channel Siemens-Elema* Mingograf 
inkjet recorder simultaneously with surface elec- 
trocardiographic leads I, aVF, V1, and V6. Paper 
speeds of 100 and 250 mm/s were used. Intracardiac 
stimulation was achieved with a Devices] type 4279 


*Siemens-Elema Schonander, Stockholm, Sweden. 
tDigitimer Ltd, Welwyn, Hertfordshire, England 


*programmable" stimulator using pulse amplitudes at 
twice diastolic threshold? and pulse durations be- 
tween 1-5 and 2-5 ms. Conduction intervals were 
studied during sinus rhythm and during constant rate 
atrial pacing slightly above sinus rate. Anterograde 
and retrograde conduction characteristics and refrac- 
toriness of the heart were determined by the introduc- 
tion of an extrastimulus after regular atrial or ven- 
tricular pacing at a cycle length of 600 ms in most 
instances.? 19 

Incremental atrial pacing from the high right 
atrium was performed until atrioventricular Wencke- 
bach periodicity occurred or a minimum pacing cycle 
length of 200 ms was achieved. Incremental ventricu- 
lar pacing from the right ventricular apex was per- 
formed until retrograde ventriculoatrial Wenckebach 
periodicity occurred or a minimum pacing cycle 
length of 240 ms was attained. For comparison, 
characteristics of conduction and refractoriness were 
measured at identical paced rates and driven cycle 
lengths before and after flecainide. All intervals were 
measured to the nearest 5 ms. 


FLECAINIDE ADMINISTRATION 

After baseline  electrophysiological evaluation, 
flecainide in a dose of 2 mg/kg body weight was 
administered intravenously over five minutes. Fifteen 
to 30 minutes after administration of the drug elec- 
trophysiological evaluation was made, during which a 
blood sample was taken for serum flecainide estima- 
tion using a sensitive and specific spectrofluorimetric 
technique described previously.!! 


DEFINITION OF TERMS 

Right intra-atrial conduction time (the PA interval) 
was measured from the onset of earliest atrial activa- 
tion, on any channel, to the intrinsicoid deflection of 
the low right atrial electrogram recorded on the His 
bundle electrode wire.!2-!4 Atrioventricular nodal 
conduction time (the AH interval) was measured from 
the intrinsicoid deflection of the low right atrial elec- 
trogram to the onset of the His bundle 
deflection.!? !^ His-Purkinje conduction time (the 
HV interval) was measured from the onset of the His 
bundle deflection to the earliest onset of ventricular 
activation. !2~ 14 
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Intraventricular conduction was measured as the 
QRS duration from the earliest onset of ventricular 
activation to the latest J point of the QRS complex in 
any surface electrocardiographic lead. The QT inter- 
val was measured from the earliest onset of ventricular 
activation to the point at which the latest T wave 
returned to the isoelectric line. The JT interval during 
identical rate atrial pacing was used as an index of 
ventricular repolarisation and was measured from the 
J point to the point at which the latest T wave 
returned to the isoelectric line, that is FT - QT— 
QRS. 

Atrioventricular Wenckebach cycle length was 
defined as the longest atrial cycle length at which 
anterograde Wenckebach periodicity occurred during 
incremental atrial pacing.'? !^  Ventriculoatrial 
Wenckebach cycle length was defined as the longest 
ventricular cycle length at which retrograde Wencke- 
bach periodicity occurred during incremental ven- 
tricular pacing.? 

Effective refractory period of the atrium was 
defined as the longest coupling interval of an atrial 
premature stimulus which failed to cause atrial 
depolarisation. Effective refractory period of the 
atrioventricular node was defined as the longest coup- 
ling interval of an atrial premature stimulus which 
failed to cause His bundle depolarisation. Ventricular 
effective refractory period was defined as the longest 
coupling interval of a ventricular premature stimulus 
which failed to cause ventricular depolarisation.? 

An atrioventricular accessory pathway was defined 
as a direct atrioventricular connection which bypassed 
normal atrioventricular nodal and His-Purkinje con- 
duction.!5 Anterograde effective refractory period of 
an accessory pathway was defined as the longest coup- 
ling interval of an atrial premature beat at which 
block occurred in the accessory pathway with normal- 
isation of the atrial to ventricular activation sequence 
or at which the atrial premature stimulus failed to 
conduct to the ventricles. Retrograde effective refrac- 
tory period of an accessory pathway was defined as the 
longest coupling interval of a ventricular premature 
beat at which block occurred in the accessory pathway 
with normalisation of the retrograde ventricular to 
atrial activation sequence or at which the ventricular 
premature stimulus failed to conduct to the atria. 

An atrioventricular nodal "fast" pathway was 
defined as a path which showed the electrophysiologi- 
cal properties of fast, non-decremental conduction 
and a relatively long refractory period.!9-!5 Antero- 
grade effective refractory period of an atrioventricular 
nodal “fast? pathway was defined as the longest 
coupling interval of an atrial premature beat at which 
block in the “fastꝰ pathway occurred with a sudden 
increase and normalisation of the AH conduction time 
or at which the atrial extrastimulus failed to conduct 


Hellestrand, Bexton, Nathan, Spurrell, Camm 


to the His bundle and ventricles.'7'® Retrograde 
effecuve refractory period of an atrioventricular nodal 
"fast" pathway was defined as the longest coupling 
interval of a ventricular premature beat at which a 
sudden increase in the retrograde V to A conduction 
time occurred or at which the ventricular extra- 
sumulus failed to conduct to the atria. 

An atrioventricular nodal "slow" pathway was 
defined as a path demonstrating the electrophysiologi- 
cal properties of slow, decremental conduction with a 
relatively short effective refractory  period.!5^!? 
Anterograde effective refractory period of an atrioven- 
tricular nodal “slow” pathway was defined as the 
longest coupling interval of an atrial premature beat at 
which the atrial extrastimulus failed to conduct to the 
His bundle,!?!* when anterograde conduction block 
had previously occurred in the "fast" pathway at 
longer atrial extrastimulus coupling intervals. Retro- 
grade effective refractory period of an atrioventricular 
nodal "slow" pathway was defined as the longest 
coupling interval of a ventricular premature beat at 
which the ventricular extrastimulus failed to conduct 
to the atria when retrograde conduction block had 
previously occurred in the “fast” pathway at longer 
ventricular extrastimulus coupling intervals. 

Accessory pathway and dual AH pathway refrac- 
tory periods were measured from the same intracavit- 
ary positions as close to the pathway as possible before 
and after drug administration. 


STATISTICS 
Statistical data were analysed using Student's t test for 
paired data. 


Results 


Comparative electrophysiological data are summar- 
ised in Tables 2 and 3. All measurements are written 
as the mean value + one standard deviation from the 


CONDUCTION (TABLE 2) 

Flecainide produced a small insignificant decrease in 
sinus cycle lengths from 745+198 to 734—180 ms. 
The PA interval prolonged significantly from 41:13 
to 5013 ms; p« 0-001. AH conduction times during 
sinus rhythm, excluding two patients with overt ven- 
tricular pre-excitation which obscured the His poten- 
tial and the patient with left atrial tachycardia, pro- 
longed from 67-21 to 8133 ms; p« 0-001. Similar 
AH prolongation occurred during constant rate atrial 
pacing slightly faster than sinus rates (84+33 to 
101+ 39 ms; p« 0-001). Flecainide produced complete 
AH block in one patient with intermittent Wencke- 
bach second degree AV block present before drug 
administration. 
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Table 2 Conduction intervals 


Interoal No. Control (ms) Flecaintde (ms) Statistical 
(mean +SD) (mean SD) significance (p) 
Sinus cycle length 47 7453-198 734+ 180 NS 
PA 43 41+13 50+ 13 <0-001 
AH (SR) 43 67:21 81:33 «0-001 
AH (AP) 43 84-33 101+39 <0-001 
HV 39 4429 61+12 <0-001 
QRS 47 96421 118+30 <0-001 
QT (SR) 39 368+43 382::44 «0-02 
QT (AP) 39 3422-25 349+ 30 «0-01 
QTc 39 427+34 446+40 «0-001 
JT 39 246-27 232433 <0-001 
WCL (AV) 19 3714153 410+ 178 «0-05 
WEL (VA) 19 355::91 496272 <0-001 


PA, right intra-atrial conduction time; AH (R) , AV nodal conduction time in sinus rhythm; AH 


(AP), AV nodal conduction time during atrial 


pacing; HV, H to V conduction time; QRS, QRS duration; QT (SR), QT interval during sinus rhythm; QT (AP), QT interval during atrial 
pacing; Tc, the corrected QT interval; JT, "the JT interval during atrial pacing (QT-QRS); WCL (AY), anterograde Wenckebach periodicity 
of the AV node; WCL (VA), retrograde Wenckebach periodicity of the AV node. 


His-Purkinje conduction times measured in the 39 
patients without overt ventricular pre-excitation pro- 
longed considerably from 44+9 to 61+12 ms; 
p<0-001 (Fig. 1). After flecainide administration the 
HV interval prolonged in 37 patients and remained 
unchanged in two patients. Maximum HV prolonga- 
tion in any patient was 40 ms. The increment in the 
HV interval expressed as a percentage of the control 
HV interval ranged from 0 to 100%, with a mean of 
42%, Seventy per cent of patients developed abnormal 
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Fig. 1 The effect of flecainide on the HV interval. 


HV prolongation of greater than 55 ms.? One patient 
with a previously documented episode of complete 
atrioventricular block, a normal control HV interval, 
and right bundle-branch block with left anterior 
hemiblock on his surface  electrocardiogram 
developed complete HV block during flecainide 
administration. Maximum HV prolongation occurred 
an average of five minutes after the start of flecainide 
administration. 

QRS durations, measured during sinus rhythm in 
39 patients and during reciprocating tachycardia in 
the eight patients with overt ventricular pre- 
excitation, increased conspicuously from 96::21 to 
118-30 ms; p«0-001 (Fig. 2). QRS durations 
increased in 44 patients and remained unchanged in 
three patients. The maximum QRS prolongation was 
75 ms in a patient who developed complete right 
bundle-branch block after flecainide administration. 
The increment in QRS duration expressed as a per- 
centage of the control QRS duration ranged from 0 to 
79%, with a mean of 23%. 

QT intervals were compared in the 39 patients 
without ventricular pre-excitation. The QT intervals 
during sinus rhythm (368+43 to 382+44 ms; 
p«0-02, constant rate atrial pacing (342+25 to 
34930 ms; p«0-01), and the corrected QT interval 
derived from Bazett’s formula (Q- Tc- Q- T meas- 
ured/ (R-R interval in s)95) showed slight significant 
lengthening (427::34 to 446+40 ms; p<0-001). The 
JT interval shortened slightly from 246+27 to 
232+33 ms; p<0-001. Fig. 3 illustrates the typical 
effect on conduction produced by flecainide. 

Flecainide produced complete anterograde acces- 
sory pathway block in two patients and: complete 
retrograde block in seven patients, all of whom initially 
had retrograde accessory pathway conduction only. 
Retrograde accessory pathway conduction time in the 
nine patients still capable of retrograde conduction 
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Fig. 2 The effect of flecainide on QRS duration. 


after flecainide prolonged from 166-51 to 
213+60 ms; p<0-01. 


WENCKEBACH PERIODICITY (TABLE 2) 

Wenckebach periodicity was compared in the 19 
patients with normal atrioventricular conduction. The 
anterograde atrioventricular Wenckebach cycle length 
prolonged from 371-153 to 410-178 ms; p<0-05, 
and the retrograde ventriculoatrial Wenckebach 





CONTROL 
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cycle length prolonged from 355+:91 to 496+72 ms; 
p<0-001. Two patients developed transient complete 
atrioventricular block as previously described. Eight 
patients, however, developed transient complete ven- 
triculoatrial retrograde. block after  flecainide 
administration. 


REFRACTORINESS (TABLE 3) 


(i) Atrium 

Mean right atrial effective refractory periods 
increased slightly but did not achieve statistical 
significance (2132-32 to 219+28 ms). 


(it) Atrioventricular node 

Of the 26 patients with “normal” atrioventricular 
nodal conduction, excluding the eight patients with 
overt ventricular pre-excitation, the 12 patients with 
dual AH pathways, and the patient with intermittent 
atrioventricular nodal Wenckebach block, assessment 
of atrioventricular nodal effective refractory period 
was limited by atrial refractoriness in 16. No 
significant change in atrioventricular nodal effective 
refractory period occurred in the remaining 10 
patients (314+66 to 287+21 ms) 


(iii) Ventricle F 
Right ventricular effective refractory periods pro- 
longed slightly from 220+22 to 22923 ms; p« 0:01. 


(iv) Accessory pathways 

Anterograde atrioventricular accessory pathway 
refractoriness prolonged significantly from 262 +47 to 
3614138 ms (p<0-05). Complete anterograde acces- 
sory pathway block occurred in two patients. In con- 
trast, atrial effective refractory periods in these eight 
patients changed insignificantly from 185+22 to 
189+25 ms. Retrograde ventriculoatrial accessory 
pathway refractoriness prolonged more conspicuously 


Fig. 3 Electrocardiographic 
recordings during sinus rhythm, 
recorded at 250 mmis, 

before (left) and after (right) the 
administration of flecainide. 
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Table 3 Refractory periods 








Refractory period No. Control (ms) Flecainide (ms) Statistical 
(mean SD) (mean SD) significance (p) 

A ERP 47 213232 219+28 NS 
AVN ERP 10 314+ 66 . 287421 NS 
V ERP 47 220+. 22 229+23 <0-01 
AH fast (AV) 12 3424:59 364+59 NS 
AHfast (VA) 11 315:-99 4502144 «0-01 
AHslow (AV) 6 277::40 293-37 NS 
AHslow (VA) ji 280 300 

A 8 262247 361+ 138 «0-05 
AP (VÀ) 13 300+49 453+ 169 «0-01 





A ERP, atrial effective refractory period; AVN ERP, AV nodal effective refractory period; V ERP, ventricular effective refractory period; 
AHfast (AV), anterograde refractoriness of “fast” AH pathway; AHfast (VA), retrograde refractoriness of “fast” AH pathway; AHslow (AV), 
anterograde refractoriness of "slow" AH pathway; AHslow (VA), retrograde refractoriness of slow" AH pathway; AP (AV), anterograde 


refractoriness of accessory pathway; AP (VA), retrograde refractoriness of accessory pathway. 


from 300+49 to 453+169 ms (p<0-01). Complete 
retrograde accessory pathway block occurred in seven 
patients, all of whom had concealed conduction. Ven- 
tricular effective refractory periods in these 16 
patients changed slightly from 215+22 to 227+24 ms 
(p<0-01). 


(v) Dual AH pathways 

Anterograde atrioventricular “fast”? pathway refrac- 
toriness was not significantly affected (342+59 to 
364+59 ms). One patient developed complete block 
in the anterograde “fast” pathway. Retrograde ven- 
triculoatrial “fast” pathway refractoriness prolonged 
considerably from 315+99 to 450+ 144 ms (p« 0-01). 
Five out of 12 "fast" pathways showed complete 
retrograde block after flecainide administration. 

No significant changes in refractoriness of the 
atrioventricular nodal “slow”? pathways were 
observed in either the anterograde or retrograde direc- 
tion. The majority of “slow” pathway values were, 
however, limited by atrial refractoriness. 


SERUM LEVELS OF FLECAINIDE 

Blood for flecainide levels, collected 15 to 30 minutes 
after drug administration, disclosed serum flecainide 
levels ranging from 85 to 785 (mean 335) ng/ml. 
Serum levels of flecainide did not correlate with acute 
changes observed in conduction intervals or refractory 
periods. 


SIDE EFFECTS 

One patient experienced a significant arrhythmia after 
flecainide administration. This patient, with ventricu- 
lar pre-excitation, developed ventricular flutter dur- 
ing ventricular extrastimulation after but not before 
flecainide had been given. Complete AH block occur- 
red in one patient with prior Wenckebach second 
degree atrioventricular block, and one patient with 
underlying bifascicular block (right bundle branch 
block and left anterior hemiblock) developed com- 
plete HV block during drug administration. Because 


of slow ventricular escape rhythms both of these 
patients required ventricular pacing for periods. of 20 
to 30 minutes until atrioventricular conduction 
returned. Minor side effects that occurred only dur- 
ing drug administration included oral paraesthesiae in 
over 90% of patients and transient drowsiness and 
dizziness in a small minority. Several patients com- 
plained of slight local pain at the site of injection. 


Discussion 


After initial reports describing the synthesis and anti- 
arrhythmic potential of a series of N-(aminoalkyl) 
trifluoroethoxybenzamides, one of these compounds, 
flecainide acetate (R818), has been studied extensively 
using animal models.! ? Its antiarrhythmic potency in 
dogs, pigs, and mice compared very favourably with 
reference compounds quinidine, procainamide, and 
lignocaine when used both parenterally and orally 
against a variety of experimentally induced supraven- 
tricular and ventricular arrhythmias.?-5 

An evaluation of the intracellular electrophysiologi- 
cal effects of flecainide using isolated rabbit atria 
showed slowing of conduction velocity and a striking 
reduction in the maximum rate of depolarisation of 
the action potential. The effect of flecainide on 
repolarisation was to produce an alteration in the 
shape of the action potential without prolonging its 
duration. Flecainide reduced the spontaneous fre- 
quency of sinus node discharge and had a small nega- 
tive inotropic effect on isolated rabbit atrial muscle. !? 

All of the properties manifested by flecainide are 
typical of Vaughan Williams Class ] agents?? and 
imply that this drug restricts the fast inward move- 
ment of sodium ions.!? 

Initial electrophysiological evaluation in man 
showed a distinct depressant influence on His- 
Purkinje and intraventricular conduction, a lesser 
effect on atrioventricular nodal conduction, and 
insignificant changes in atrial and ventricular refrac- 
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toriness. Significant depression of accessory pathway 
conduction and refractoriness was reported in several 
patients with the Wolff-Parkinson-White syn- 
drome.?! 

Further human electrophysiological studies com- 
bining right ventricular monophasic action potential 
recordings with programmed ventricular stimulation 
using larger intravenous doses of flecainide showed 
significant prolongation. of the ventricular effective 
refractory period concomitant with prolongation of 
ventricular repolarisation.?? 

The electrophysiological results of the present 
series show that flecainide significantly depresses con- 
duction within working myocardium and throughout 
the specialised conduction system. Right atrial con- 
duction was significantly delayed. Ventricular con- 
duction measured by the QRS duration was severely 
depressed as described by Orning?! and Olsson and 
Edvardsson?? in their initial studies. Atrioventricular 
nodal conduction times, independent of any rate- 
related changes in the AH interval, were prolonged by 
flecainide. The most pronounced effect appeared to 
be on His-Purkinje conduction where the HV interval 
prolonged beyond the normal range? in 70% of 
patients after flecainide administration and transient 
complete HV block occurred in one patient. These 
changes in cardiac conduction caused by flecainide 
could be reliably produced in the His-Purkinje system 
and ventricle but were less predictable in atrial 
myocardium or the atrioventricular node. Seipel et 
al.23 also reported: similar and dose dependent 
changes in cardiac conduction when intravenous 
doses of 2 mg/kg were used. 

Slight lengthening of both atrial and ventricular 
effective refractory-periods occurred in the present 
study group, but only the ventricular refractoriness 
increased significantly. These findings correlate 
closely with the findings of Olsson and Edvardsson?? 
and indicate that flecainide does have a significant 
depressant effect on ventricular muscle refractoriness, 
especially at higher doses. In any one patient, how- 
ever, a change in atrial refractoriness did not predict a 
similar change in ventricular refractoriness. 

The small increments in QT interval during sinus 
rhythm, corrected for rate using Bazett's formula, and 
during constant rate atrial overdrive pacing resulted 
from QRS widening and not from prolongation of 
ventriculàr repolarisation. This is consistent with 
similar results obtained by Campbell Cowan and 
Vaughan Williams in their in vitro model.!? These 
electrophysiological findings are, however, at variance 
with the monophasic action potential studies reported 
by Olsson and Edvardsson where a significant delay of 
right ventricular repolarisation measured by the 
monophasic action potentials was observed in their 
group of nine patients. 
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The concept of the JT interval was introduced as 
another index of ventricular repolarisation in order to 
exclude errors resulting from drug-induced prolonga- 
tion of ventricular depolarisation. The JT interval did 
not prolong after flecainide admiinistration which sug- 
gests that this drug, unlike quinidine (a Vaughan 
Williams class la drug) or lignocaine (a Vaughan 
Williams class 1b drug), does not materially affect 
ventricular repolarisation. 

The electrophysiological properties of flecainide do 
not fall strictly within the modified criteria used to 
define Vaughan Williams class la and class lb 
agents.?* D C Harrison (1981, personal communica- 
tion) has proposed that a further subgroup, class Ic, 
should be used to define such drugs including 
encainide?5 and lorcainide,?® both of which manifest 
many electrophysiological similarities to flecainide. 

Touboul et al.” have recently suggested a 
classification of antiarrhythmic agents according to 
their electrophysiological characteristics defined by 
standard electrophysiological assessment. According 
to this proposed classification flecainide manifests 
class 3 antiarrhythmic activity, which comprises 
drugs showing a wide electrophysiological spectrum. 
In addition to atrioventricular nodal depression they 
prolong HV conduction times (aprindine?®2°) or 
His-Purkinje refractoriness (amiodarone?? 3°). These 
class 3 drugs may also lengthen refractoriness of 
accessory pathways and atrial myocardium. 

A most profound effect on accessory atrioventricu- 
lar pathways and “fast” nodal pathways was produced 
by flecainide. After intravenous administration of the 
drug complete anterograde block occurred in two out 
of eight overt accessory atrioventricular pathways and 
complete retrograde block occurred in seven of 16 
accessory atrioventricular pathways. Of the six 
remaining overt accessory pathways, anterograde 
refractoriness increased in all cases. Of the nine acces- 
sory pathways still capable of retrograde conduction 
after — flecainide administration, refractoriness 
increased in four patients and in two cases accessory 
pathway refractoriness slightly shortened. In three 
cases assessment of accessory pathways refractoriness 
was limited by ventricular refractoriness. 

In the 16 patients with accessory atrioventricular 
pathways it is of interest that flecainide has such a 
significant depressant effect on accessory pathway 
refractoriness compared with the changes in atrial or 
ventricular myocardial refractoriness in the same 
patients. These findings suggest that bypass tracts 
possess electrophysiological characteristics quite dis- 
tinct from those of atrial or ventricular muscle. 

In the 12 patients with dual AH pathways flecainide 
acetate selectively affected “fast” atrioventricular 
nodal pathway refractoriness, specifically retrograde 
refractoriness of this "fast" pathway. Complete 
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retrograde block occurred in five of 12 “fast” path- 
ways. Of the remaining seven patients, “fast” path- 
retrograde refractoriness was considerably increased 
in five, unchanged in one, and shortened in the 
remaining case. Complete anterograde block occurred 
n only one "fast". pathway. No significant change, 
however, in anterograde. “fast”? pathway refractori- 
ness was observed overall. No statistically significant 
changes in anterograde or retrograde refractoriness of 
the "slow" pathways-were seen though two patients 
developed complete retrograde ventriculoatrial block 
of both “fast” and “slow” pathways within the 
atrioventricular node. The dramatic selective effect of 
flecainide on "fast" atrioventricular nodal pathway 
retrograde refractoriness supports the hypothesis of 
Gomes et a1.?! ?? and Platt et a1.?? that the "fast" 
atrioventricular nodal pathway possesses quite differ- 
ent electrophysiological characteristics from that of 
the *slow" or normal atrioventricular nodal pathway. 

The electrophysiological effects manifested by 
flecainide on cardiac conduction, refractoriness, and 
in particular its effects on accessory pathway and 
*fast" atrioventricular nodal pathway refractoriness 
imply that it will be very useful in the management of 
tachycardias where such conduction and refractori- 
ness are crucial to their continuation, that is atrioven- 
tricular nodal and atrioventricular re-entrant 
tachycardias. Potential problems resulting from con- 
duction failure, however, must be considered particu- 
larly in patients with underlying atrioventricular or 
intraventricular conduction disturbances, or in 
patients receiving drugs which are known to depress 
atrioventricular nodal343> or His-Purkinje conduc- 
tion, 2° 28 36 

In conclusion, flecainide acetate clearly. manifests 
the destrable properties of potent depressant effects 
on cardiac conduction and refractoriness with mini- 
mal side effects, suggesting that it may prove a valu- 
able addition to the therapeutic armamentarium in the 
acute management of a wide variety of cardiac 


arrhythmias. 
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Role of the Frank-Starling mechanism during maximal 
semisupine exercise after oral atenolol 


KAI ANDERSEN,* HARALD VIK-MO 
From the Department of Clinical Physiology, Haukeland Hospital, University of Bergen, Bergen, Norway 


SUMMARY Reproducible left ventricular dimensions were found by M-mode echocardiography in 
eight healthy men in the semisupine position during two maximal bicycle exercise tests, performed 
with four hours interval. Left ventricular end-diastolic dimension did not increase during maximal 
exercise, while fractional shortening increased by a decrease in end-systolic dimension. Twelve men 
studied by the same procedure were given 100 mg atenolol orally just after the first test which 
conspicuously reduced their heart rate response to exercise. End-diastolic dimension increased 
significantly from rest to peak exercise after the administration of atenolol in contrast to that before 
beta blockade, and fractional shortening at maximal exercise increased compared with the preceding 
control test. 

We conclude that atenolol changes the left ventricular response to maximal semisupine exercise in 
normal man, with dilatation and a concomitant increase in systolic myocardial shortening. This 
suggests that atenolol during maximal exercise reveals the part played by the Frank-Starling 
mechanism in cardiac reserve. In addition to that mechanism, the increased ventricular emptying is 


probably also the result of reduced afterload after administration of atenolol. 


The Frank-Starling mechanism signifies a direct rela- 
tion between end-diastolic length and systolic shorten- 
ing of myocardial fibres. It is operative in isolated 
heart preparations,'? left ventricular failure,’ myo- 
cardial infarction,^ and transplanted hearts. The 
role of this mechanism concerning.the normal left 
ventricle, however, remains uncertain.573 Cardiac 
output increases during exercise in normal man? as 
the result of increases in heart rate? and stroke vol- 
ume.!? It is not clear whether the increment in stroke 
volume is caused by the decrease in end-systolic!! !? 
or the increase in end-diastolic volume (the Frank- 
Starling mechanism).? 8 The conflicting data may be 
attributed to technical limitations, variations in pos- 
ture, and varying levels of exercise. 

Beta adrenergic receptor blockade reduces the 
exercise response of heart rate and cardiac output,!? !4 
but does not reduce the stroke volume.!^4 !5 This may 
be compared to the situation in compensated left ven- 
tricular failure in which the left ventricle is dilated 
and stroke volume is maintained. Thus, maintained 
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stroke volume during exercise after beta blockade 
may suggest operation of the Frank-Starling mechan- 
ism. 

The internal dimensions of the left ventricle can be 
measured non-invasively during exercise by echocar- 
diography.!$!? The purpose of this study was firstly 
to evaluate the role of the Frank-Starling mechanism 
in normal men during maximal exercise by this 
method, and secondly to study whether beta 
adrenergic receptor blockade would increase or 
unmask such an effect. 


Subjects and methods 


A group of eight men not given any drug therapy (age 
range 24 to 38 years, mean 30 years) and a group of 12 
men given atenolol (age range 26 to 38 years, mean 33 
years) were studied. Four others were excluded 
because of the unsatisfactory quality of the echocar- 
diograms. All had normal findings by physical exami- 
nation at rest, including blood pressure, electrocar- 
diogram, and echocardiogram. None had any history 
of cardiopulmonary disease. All were physically fit 
but none participated in competitive athletics. 
Informed. consent was obtained from all subjects 
before the study. 
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BICYCLE EXERCISE 

Graded exercise was performed on an electrically 
braked bicycle ergometer in the semisupine position 
with a 20° head-up tilt. The initial work load was 
50 W for three minutes with subsequent increase by 
50 W every three minutes until exhaustion. All sub- 
jects performed two exercise tests with an interval of 
four hours. The highest achieved work load common 
to both tests was defined as the maximal exercise level 
for each subject. 


BETA ADRENERGIC BLOCKADE 

The subjects given atenolol received a single dose, 100 
mg orally, within five minutes after the first exercise 
test, The second exercise test was performed four 
hours after drug intake, since peak plasma levels 
occur two to four hours after oral administration. '* 


ECHOCARDIOGRAPHY 

M-mode echocardiograms were obtained using an 
SKI Ekoline 20A Echocardiograph interfaced with a 
Honeywell strip-chart recorder at paper speed 100 
mm/s, with a hand-held 2:25 MHz transducer in the 
standard intercostal space'® at the left sternal border. 
Heart rate was measured from simultaneously 
recorded electrocardiograms. Measurements were 
made at the level of the chordae tendineae between 
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the leading edges of echoes from the left border of the 
interventricular septum and from the posterior wall 
endocardium. Left ventricular end-diastolic dimen- 
sion was measured at the onset of the QRS complex 
and end-systolic dimension on the vertical axis at the 
peak anterior excursion of the posterior wall (Fig. 1). 
The measurements were made during expiration and 
represented the average of at least three heart cycles. 
Fractional shortening was calculated as (EDD- 
ESDYEDDx100% where EDD=end-diastolic 
dimension and ESD=end-systolic dimension. 
Recordings were made at rest with the feet on the 
ergometer pedals, during the last 30 seconds of each 
exercise level, and at one, three, five, and 10 minutes 
after termination of exercise, with the feet still on the 
pedals. 


STATISTICAL ANALYSIS 
Wilcoxon’s two-tailed test for comparison of paired 
data was used." Differences were considered 
significant when p<0-05. 


Results 
NO DRUG INTERVENTION 


The duration of exercise was 14-1+2-0 (mean -* SD) 
minutes in the first and 13-8 2-1 minutes in the sec- 





Fig. ! 
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Echocardiograms from one subject (A) at rest with heart rate 62 beatsimin showing measurements of left 
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ventricular end-diastolic (EDD) and end-systolic dimension (ESD), and (B) during the 13th minute of semisupine 


bicycle exercise with heart rate 174 beats/min. 
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Table 1 Cardiac response to maximal semisupine exercise without drug intervention (n=8) 





Heart rate ~ EDD 
(beats /nin) (mm) 
First test 
Rest 69+8 50-5+2-7 
Exercise 176+ 12 49-5+3-] 
p «0-01 «0-05 
Second test 
Rest 69:-6 49-1032 
Exercise 179::9 48.9-2-6 
p «0-01 NS 


ESD FS 

(mm) (96) 
32-9+2-7 3494+38 
26-3+5-0 47-8478 
«0-01 «0-01 
33-1+2-8 32-6::4.0 
26.-9x3-4 44-9364 
«0-05 «0-05 


Values are mean +SD. Abbreviations: EDD, end-diastolic dimension; ESD, end-systolic dimension; FS, fractional shortening. 


ond test (NS), while the maximal work loads were 
256+32 W and 250+38 W, respectively (NS). 

Heart rate, left ventricular dimensions, and frac- 
tional shortening at rest and maximal exercise in both 
exercise tests are shown in Table 1. A small reduction 
in end-diastolic dimension was seen during exercise in 
the first test (p<0-05) but not in the second test 
(Table 1). Fractional shortening conspicuously 
increased in both exercise tests because of a decrease 
in end-systolic dimension. 

Except for a minor difference at six minutes of 
exercise there were no significant differences in heart 
rate between the two tests (Fig. 2). There was a 
1-4+0-9 mm decrease in end-diastolic dimension at 
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Fig. 2 Heart rate in eight normal men during maximal bicycle 
exercise in semisupine position performed with four hours 
interval. Closed circles = first test. Open circles = second test. 
Values are mean + SD. 


rest from the first to the second test (p« 0-05), but the 
reduction did not exceed 2 mm in any of the subjects. 
End-diastolic dimension did not differ significantly 
between the two tests at any exercise level or in the 
recovery period (Fig. 3). No significant differences 
between the two tests were found concerning end- 
systolic dimension (Fig. 3) or fractional shortening 
(Fig. 4). 


BETA ADRENERGIC BLOCKADE . 
The duration of exercise decreased from 13-8+2-2 
minutes before to 12-5+2-0 minutes after atenolol 
administration (p— 0-01), and the maximal work loads 
were 246+33 W and 22933 W, respectively (NS). 
Heart rate, left ventricular dimensions, and frac- 
tional shortening at rest and maximal exercise before 
and after administration of atenolol are shown in 
Table 2. 
The heart rate was lowered by atenolol at rest, and 
throughout the exercise and recovery period (Fig. 5). 
The most pronounced reduction in heart rate was 
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Fig. 3 Left ventricular end-diastolic (EDD) and end-systolic 
dimenston (ESD) in eight normal men during maximal bicycle 
exercise 1n semisupine position performed with four hours 
interval. Symbols and expression of values as in Fig. 2. 
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Table 2 Effects of atenolol on cardiac response to maximal semisupine exercise (n=12) 
Heart rate EDD ESD FS 
(beats/min) (mm) (mm) (%) 
Control 
Rest 66+ 10 50-3+2°6 33-1+2-5 34.742 
Exercise 161+ 13 51-3+2-9 28-2+3-5 44-9+6-9 
p <0-001 NS <0-01 «0.01 
Atenolol 
Rest 52+6 49-127 33-4+2-4 31.9x3.5 
Exercise 120+9 53-62 3-2 25:6+ 2-7 52:3%4-5 
p | «0-001 «0-001 «0-001 «0-001 
Values are mean +SD. Abbreviations as in Table 1. 
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Fig. 6 Left ventricular end-diastolic (EDD) and end-systolic 
dimension (ESD) in 12 normal men during maximal bicycle 
exercise in semisupine position performed just before and four 
hours after 100 mg atenolol orally. Symbols and expression of 
values as in Fig. 5. 
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Fig. 5 Heart rate in 12 normal men during maximal bicycle 
exercise in semisupine position performed just before (closed 
triangles) and four hours after 100 mg atenolol orally (open 
triangles). Values are mean +SD. 
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Fig.7 Fractional shortening in 12 normal men during maximal 
exercise in semisupine position performed just before and four 
hours after 100 mg atenolol orally. Symbols and expression of 
values as in Fig. 5. i 
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found at the highest exercise level. 

End-diastolic dimension increased significantly 
from rest to maximal exercise after administration of 
atenolol in contrast to that. before atenolol (Table 2), 
and was then significantly higher than in the control 
test at peak exercise and immediately afterwards 
(Fig. 6). End-systolic dimension was reduced by 
atenolol only at the maximal exercise level (Fig. 6). 

After administration of atenolol, fractional shorten- 
ing decreased at rest and the lowest exercise levels 
while it increased at maximal exercise (Fig. 7). The 
pre-exercise relation with lower fractional shortening 
after beta blockade was re-established after 10 
minutes of recovery. 


Discussion 


Echocardiography is an accurate and reproducible 
method for assessment of left ventricular dimensions 
at rest,!??! and, as recently shown, also during exer- 
cise.!$ In this study we could show reproducible 
echocardiographic data when two maximal exercise 
tests in the semisupine position were performed with 
an interval of four hours. A small but significant dif- 
ference in end-diastolic dimension at rest was found 
between the two tests, but not during exercise or 
recovery. The difference in end-diastolic dimension, 
however, was only 1-4 mm and was well within the 
limits of variation of the method,!??? and we there- 
fore do not regard this as representing a real change in 
left ventricular dimension. 

The subjects cycled to exhaustion. Though oxygen 
uptake was not measured, the exercise level achieved 
must be regarded as near maximal when considering 
the heart rate response.?? The experimental design of 
this study thus allowed comparison of left ventricular 
dimensions during maximal exercise before and after 
drug intervention. 

Our finding of reduced end-systolic dimension 
from rest to maximal exercise without simultaneously 
increased end-diastolic dimension indicates increased 
stroke volume by augmentation of left ventricular 
emptying without left ventricular dilatation. This is in 
accordance with other echocardiographic investiga- 
tions,!6 17 24 though lower exercise levels were used in 
these studies. It is also in agreement with the slight 
increment in mean pulmonary wedge pressure found 
in normal men during maximal supine exercise,?5 
reflecting a very modest increase in preload. Conflict- 
ing results were recently reported, however, in an 
echocardiographic study where end-diastolic dimen- 
sion increased during semisupine cycling, with a 
simultaneous increase in fractional shortening primar- 
ily caused by the change in end-diastolic dimension.’ 
The lack of a significant decrease in end-systolic 
dimension at any exercise level compared with rest in 
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that study is in contrast to our findings and those of 
others. 16 17 24 Increase in end-diastolic dimension dur- 
ing exercise has been found in dogs.?5 27 These studies 
are, however, probably not directly comparable with 
the present study since the dogs performed exercise in 
the standing position while the semisupine position 
was used in our study. 

Atenolol induced an increase in end-diastolic 
dimension during maximal exercise, indicating dilata- 
tion of the left ventricle. The higher fractional shor- 
tening at maximal exercise during beta blockade than 
in the control test probably reflects an increase in sys- 
tolic myocardial shortening. Our finding of left ven- 
tricular dilatation during exercise after beta blockade 
is in agreement with the distinct increase in left ven- 
tricular filling pressure observed in normal men after 
intravenous administration of propranolol.!^?5 The 
dilatation cannot be explained by increased afterload 
since systolic blood pressure during exercise is lower 
after beta blockade than before.!? 2829 The decrease 
in fractional shortening after atenolol at low exercise 
levels is similar to that found after propranolol in 
normal subjects who performed mild bicycle exercise 
in a supine position.?? At higher exercise levels, we 
found no indication of a decrease in stroke volume 
since fractional shortening did not change at moderate 
exercise and even increased at maximal exercise. 
Recent radionuclide angiographic studies showed no 
change in stroke volume during severe exertion after 
propranolol.!5 25 The stroke index during heavy exer- 
cise even increased after long term treatment with 
atenolol in patients with low grade hypertension.?! 

Our findings indicate increased left ventricular 
diastolic filling after beta blockade at peak exercise, 
with a simultaneous increase in systolic myocardial 
Shortening. This suggests that during maximal exer- 
cise atenolol shows the part played by the Frank- 
Starling mechanism in cardiac reserve. Left ventricu- 
lar performance has been found to be dependent also 
on changes in afterload, as shown by reduced 
echocardiographic indices of myocardial shortening in 
normal human subjects after an acute increase in sys- 
tolic blood pressure.?? Thus, the increase in fractional 
shortening at peak exercise after beta blockade in the 
present study may also be explained by the easier ven- 
tricular emptying caused by decreased afterload, since 
systolic blood pressure during exercise is reduced by 
atenolol.282? Systemic vascular resistance in patients 
with coronary artery disease has been found to 
increase during rest after the intravenous administra- 
tion of both propranolol'^ and atenolol.? During 
exercise, however, systemic vascular resistance 
increased after propranolol'* but did not change 
significantly after atenolol,?? probably reflecting the 
difference in cardioselectivity between the two beta 
blockers. It may be speculated that the difference in 
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effect on peripheral resistance during exertion, sup- 
posing it is present also in normal subjects, may 
explain why fractional shortening increased after 
atenolol during peak exercise in our study in contrast 
to the reduced ejection fraction during heavy exercise 
reported after propranolol.!525 The increase in frac- 
tional shortening might suggest incomplete beta 
blockade. This 1s, however, unlikely considering the 
demonstrated reduction in heart rate at maximal exer- 
cise, and since little difference has been found be- 
tween the effects of 100 and 200 mg atenolol on heart 
rate during exertion.34 

The evidence of the Frank-Starling mechanism 
during exercise after atenolol when the reduction in 
heart rate became most obvious may be compared to 
the left ventricular response to exercise in recipients 
of cardiac transplants. The Frank-Starling mechan- 
ism has been shown to be operative in these patients 
early in exercise when chronotropic and inotropic 
influences were low because of denervation of the 
heart.5 It was, however, not operative later in exercise 
when levels of circulating catecholamines rose and 
cardiac output increased by means of tachycardia. 

Our findings thus indicate that atenolol discloses 
the part played by the Frank-Starling mechanism in 
cardiac reserve with left ventricular dilatation and 
increased systolic myocardial shortening during max- 
imal semisupine exercise in normal men. The 
increased ventricular emptying is probably also the 
result of a reduction in afterload after administration 
of atenolol. 
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Diurnal variation in exercise responses in angina 
pectoris 


M JOY, CM POLLARD,* T O NUNANT 
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SUMMARY ‘Thirty caucasian male patients with stable angina were investigated in two groups of nine 
and one group of 12. Nine normal subjects were also studied. Patients in the first group (on no 
treatment) underwent symptom-limited exercise electrocardiography at 0800, 1200, and 1600 hours 
on the same day. Their heart rates and ST segment displacements at 1600 hours were significantly 
greater than at 0800 hours and the same phenomenon was seen in the second group who had been 
receiving propranolol 40 mg four times a day. A similar effect was noted for ST segment displace- 
ment but not for heart rate in the third group (on no treatment) tested at 0800 hours and 1600 hours 
on separate days, two to three weeks apart. Normal control subjects showed no diurnal variation in 
heart rate and their heart rate responses at 1600 hours were reduced by propranolol. The observa- 
tions show a circadian variation in the ST segment response to exercise in patients with angina and a 
possible training effect on heart rate with multiple exercise testing on the same day. This variation is 
associated with a reduction in vagal parasympathetic tone to the heart and should be taken into 
account in the assessment of patients with angina and in particular when comparing responses to 


treatment, 


Circadian variation in cardiovascular variables such as 
the blood pressure and heart rate is well estab- 

: lished.! ? Recently, Yasue and co-workers? described 
13 patients with variant angina in whom there was an 
angiographically demonstrable increase in tone of the 
major coronary arteries in the morning when com- 
pared with the afternoon. This was associated with a 
significant variation in exercise tolerance. Little atten- 
tion appears to have been paid to possible circadian 
variation in classical angina pectoris and for this 
reason the clinical impression that a patient's angina is 
worse in the morning was investigated. 


Subjects and methods 


Thirty caucasian male patients on no treatment with a 
history of stable angina pectoris for at least six months 
were studied in two groups of nine (A and B) and one 
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group of 12 (C). Nine asymptomatic normotensive 
male volunteers were also studied (D). All the patients 
were normotensive (BP« 160/95 mmHg), had no past 
history of myocardial infarction, and no evidence of 
valvular heart disease. They also had a normal chest 
x-ray film and resting electrocardiogram but on exer- 
cise using the Bruce treadmill protocol^ developed at 
least 1 mm of J point depression with horizontal 
depression or downslope of the ST segment. These 
exercise-induced changes have been associated with a 
9396 specificity for coronary artery disease.5 Echocar- 
diography was performed to exclude left ventricular 
or septal hypertrophy and mitral leaflet prolapse as 
possible causes for false positive exercise electrocar- 
diographic responses. There was no significant differ- 
ence between the mean ages of the patient groups 
(56-17+1-71 years overall) or their mean weights 
(75:673: 1-72 kg overall), though the group D subjects 
were younger (39-39:-2.6 years, p<0-001). Informed 
signed consent was obtained from all participants. 


EXERCISE TECHNIQUES 

All subjects underwent treadmill electrocardiography 
to angina or exhaustion. An Avionics E10 treadmill 
was used in conjunction with an Avionics 3000 three 
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channel oscillographic monitor. Leads CM4, CMS, 
and CM6 were studied, recordings being taken auto- 
matically at rest, after each minute of exercise, at max- 
imum exercise, and at each of 10 minutes during the 
recovery period. The chart speed was regularly 
checked and the recording system optimally damped. 
The heart rate responses were computed and checked 
by measurement from the chart. ST segment dis- 
placement was noted at 60 ms after the nadir of the S 
wave by two observers independently, unaware of the 
circumstances of the test, consensus being obtained 
with the third. 


GROUP A 
The patients in group À (on no drugs) underwent 
exercise electrocardiography at 0800 hours after a 
light breakfast, at 1200 hours, and at 1600 hours on 
the same day. À light lunch was taken after the mid- 
day test. 


GROUP B 

The patients in group B were subjected to the same 
procedure as group À but had received propranolol 
40 mg four times a day for at least four weeks before 
assessment. Drugs were taken on the day of study 
after each exercise recording. 


GROUPC 

The patients in group C (on no drugs) were randomly 
allocated into two subgroups. The first underwent a 
single exercise test at 0800 hours followed by a further 
single test at 1600 hours, two to three weeks later. 
The second subgroup started with the 1600 hours test 
and after two to three weeks underwent a further test 
at 0800 hours. During analysis both subgroups were 
combined, randomisation neutralising any changes in 
performance which might have occurred with train- 
ing. 


GROUP D 
The subjects in group D were asymptomatic male col- 
leagues who were randomly allocated into two sub- 
groups. The first subgroup of five underwent the tri- 
ple procedure while taking no drugs and were retested 
a mean of four weeks later after receiving propranolol 
40 mg four times a day. Drugs were taken during the 
day of assessment as described for group B. The sec- 
ond subgroup of four received propranolol for at least 
two weeks before undergoing the triple procedure 
which was repeated after four weeks on no drugs. 
The means and standard error (SEM) of the obser- 
vations were calculated and the paired observations, 
that is 0800 hours vs 1600 hours, were examined using 
Student's paired t test. This technique examines the 
means of the differences between the paired observa- 
tions and their relation to zero. 
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Results 


GROUP A 

The heart rate responses of this group (on no treat- 
ment) are illustrated in Fig. 1. The maximum heart 
rate was significantly higher in the afternoon than in 
the morning (p«0-025), in spite of comparable walk- 
ing times. The one minute recovery heart rate was 
also higher (p«0-025), but the two minute recovery 
value failed to achieve significance (0-012 p 0-05). 
The ST segment displacements (Fig. 2) were greater 
in the afternoon both at maximum heart rate and 
throughout recovery (p«0-02 or better), with the 
exception of the three minute observation 
(0-:01>p>0-05). The 1200 hours observations adopted 
an intermediate position and, though the walking 
times at both 1200 hours and 1600 hours were greater 
than at 0800 hours, the difference was not significant 
(0-1>p>0-05). 


GROUP B 

The heart rate responses of this group (who had been 
receiving propranolol) are shown in Fig. 3. The max- 
imum heart rate was significantly higher in the ‘after- 
noon (p<0-005) in spite of the drug, and this differ- 
ence was good until the end of the third minute of 
recovery (p«0-025). Likewise (Fig. 4) the ST seg- 
ment displacements were greater in the afternoon at 
maximum exercise (p« 0-005) and after one minute of 


kk p<0:05 





2 
Time (min) 


Fig. 1 Symptom-limited exercise heart rate responses of the 
group A patients; R (rest); O (maximum heart rate); 1, 2, 3, 5, 
10 (minutes of recovery); HR (heart rate). The closed circles 
represent the means of the 0800 hour values, the open circles those 
of the 1200 hour values, and the triangles those of the 1600 hour 
values. The bars represent 1 SEM. The 1600 heart rates are 
significantly higher at maximum exercise and at one minute of 
recovery. 
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Fig.2 ST segment responses of the group A patients illustrated 
in Fig. 1; the symbols are as for Fig. 1, the ordinate representing 
millimetres of ST segment depression. The 1600 hours ST 
segment displacements are significantly greater at maximum heart 
rate and throughout recovery apart from the third minute. 
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Fig.3 Symptom-limited exercise heart rate responses of the 
group B patients; the symbols are as for Fig. 1. The 1600 hours 
heart rates are significantly higher at maximum exercise and for 
the first three minutes of recovery in spite of beta blockade. 


recovery (p<0-05), the differences thereafter being 
not significant. No significant difference was seen in 
the walking times. 
GROUP C 

The heart rate responses of this group. (on no treat- 
ment) are illustrated in Fig. 5. No significant differ- 


ences were seen (p<0-15). The ST segment displace-: 
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ments observed (Fig. 6) were significantly greater 
both at maximum heart rate and throughout recovery 
(p«0-05 or better) at 1600 hours when compared with 
0800 hours. 


GROUP D 

The heart rate responses of this group when taking no 
treatment are illustrated in Fig. 7. No significant dif- 
ferences were seen. In sharp contrast to the patients 
with angina, the afternoon heart rate responses 
(Fig. 8) were lower when the group received prop- 
ranolol (p<0-025 for maximum heart rate through five 
minutes’ recovery; p<0-05 at 10 minutes). 


Discussion 


The pathophysiology of ST segment displacement 
during acute myocardial ischaemia remains uncertain. 
Angina pectoris in patients with ischaemic heart dis- 
ease occurs.at a reproducible value of rate pressure 
product in response to exercise and of tension-time 
index in response to atrial pacing." Exercise-induced 
ischaemic ST segment depression correlates closely 
with indices expressing myocardial oxygen consump- 
tion (derived from heart rate, blood pressure, and 
ejection time), but the best single determinant is heart 
rate’? which was thus used in this study. Neverthe- 
less, variability in exercise tolerance with dislocation 
of the ST segment/heart rate relation has been 
described in continued sustained exercise,!? and with 
training,!! and brief severe exercise may be associated 
with greater triple products at the point of angina than 
after more limited exercise.!? Detry et al. !3!* sub- 


-h 
. 7 12 
08 16 
kk p<0-005 Min 
ST (mm) . D 
-2 ( d : 
j os & p<005 5 Walking time 
" N 
7 E TIN 
| Aen ' s 
~] Mi l 
I l H ^ | 
en 
SN 
aO 
(nz9) zo KI 
0 1 2 3 5 LU 
Time (min) 


 Fig.4 ST segment responses of the group B patients illustrated 


in Fig. 3; the symbols are as for Fig. 1 and 2. The 1600 hours 
ST segment displacements are significantly greater at maximum 
heart rate and during the first minute of recovery. 
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Fig. 5 Symptom-limited exercise heart rate responses of the 
group C patients exercised on one occasion on each of two days, 
two to three weeks apart; the symbols are as for Fig. 1. No 
significant difference was observed between the pairs of 
observations at any point. 
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Fig. 6 ST segment displacements of the group C patients 
illustrated in Fig. 5; the symbols are as for Fig. 1 and 2. The 
1600 hours ST segment displacements are significantly greater at 
maximum heart rate and throughout recovery. 


jected patients with angina to a three month training 
routine and observed a significant decrease in heart 
rate and pressure rate product at submaximal exer- 
cise, but at maximal exertion these values were greater 
and associated with increased ST segment displace- 
ment. These investigators suggested that training 
could raise the threshold for angina. Sim and Neill!5 
also confirmed a higher threshold for angina induced 
by exercise after training but not during atrial pacing. 
- The heart rate and ST segment observations in group 
A are equally consistent with an exercise-induced 
functional adaptation or with a circadian variation in 
exercise performance. The group C patients who 
underwent a single 0800 hours exercise test followed 
by a further test two to three weeks later showed grea- 
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ter ST segment displacements at 1600 hours, suggest- 
ing a circadian variation in tolerance of myocardial 
ischaemia if ST segment displacement reflects 
myocardial oxygen deficit and the pathogenesis of 
pain.® The heart rate response at 1600 hours in group 
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Fig. 7 Symptom-limited exercise heart rate responses of the 
normal subjects in group D, on no treatment; the symbols are as 
for Fig. 1. No diurnal variation is seen. 
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Fig. 8 Symptom-limited exercise heart rate responses of the 
normal subjects in group D illustrated in Fig. 7 after two to four 
weeks’ treatment with propranolol 40 mg qds; the symbols are as 
for Fig. 1. The 1600 hour heart rates are significantly lower than 
the 0800 hour heart rates at maximum exercise and throughout 
recovery, 
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À, not shown by group C, may be explained by a 
training dependent adaptation!5 which does not occur 
in normal subjects off treatment (Fig. 7). The pattern 
of enhanced heart rate responses and ST segment dis- 
placements seen in group À was also seen in group B, 
in spite of treatment with propranolol (Fig. 3, 4), 
though this beta adrenoceptor blocking agent reduced 
the heart rate response of the normal subjects 
(Fig. 8), as would be expected. 


It may be inferred that the normal subjects receiv- 
ing propranolol (Fig. 8) have a reduced heart rate 
response to exercise because of reduction in sym- 
pathetic drive to the heart, vagal parasympathetic 
withdrawal being complete at maximal exercise. In 
contrast, the higher heart rate responses at 1600 hours 
in group B can only be explained on the basis of a 
withdrawal of vagal tone unless the unlikely circums- 
tance of sympathetic overdrive is proposed. The cir- 
cadian variation in ST segment displacement and the 
exercise dependent adaptation of the heart rate are 
thus associated with or mediated by a reduction in 

vagal tone to the heart. Yasue et al.? showed a circa- 
dian variation in exercise capability in patients with 
variant angina, and using angiographic techniques 
convincingly showed an increase in tone of the major 
coronary arteries in the morning, compared with the 
afternoon. Though there is evidence that metabolic 
effects! and local oxygen concentration!" are prime 
determinants of coronary artery tone, evidence for 
neurogenic influence is available,!? which may involve 
the parasympathetic nervous system.1? Tt is therefore 
interesting to note that the variation in exercise 
responses in subjects with angina observed above is 
associated with or mediated by changes in parasym- 
pathetic tone to the heart. Such variations in exercise 
response have implications when exercise electrocar- 
diography is used to monitor patient progress or study 
responses to treatment. 
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SUMMARY Exercise electrocardiography in women with chest pain is associated with a high incidence 
of false positive ST segment depression. The recent observation that changes in R wave amplitude 
during exercise can also be used diagnostically may improve the value of stress testing in women. 
The results of 12 lead treadmill exercise and coronary angiography were reviewed in 62 women, 
~ mean age 5] years, presenting with *angina" without previous myocardial infarction. These were 
compared with exercise results in 14 healthy asymptomatic volunteers with a mean age of 26 years. 
In addition to conventional ST analysis, R wave amplitude changes during exercise, measured in 
leads II, III, aVF, and V4 to 6, were examined. While the sensitivity and specificity of ST and R 
wave changes were similar at about 6795, their combined interpretation was helpful. If both ST and 
R wave criteria were negative the predictive accuracy for normal coronary angiography was 94% 
(17/18). Alternatively, in tests showing both ST depression and an abnormal R wave response, 
coronary angiography was always abnormal (13/13). None of the normal volunteers developed ST 
segment depression and 9396 (13/14) had a normal R wave response. If both were positive, however, 
coronary angiography was always abnormal (13/13). 
‘Although stress test interpretation in women is difficult, R wave analysis is a useful adjunct to ST 


change and can improve the predictive accuracy of the test in a significant number of patients. 


Conventional interpretation of an exercise electrocar- 
diogram using ST segment analysis in women with 
chest pain may show many falsely positive tests when 
judged by the results of-coronary angiography. 7 
Women have a lower prevalence of occlusive disease, 
however, ? and the use of coronary artery stenosis as 
the ultimate standard for comparison may be inap- 
propriate. Small vessel.disease, reduced coronary 
dilatory capacity, coronary spasm, inadequate arterial 
size, cardiomyopathy; abnormal oxygen dissociation, 
psychosomatic aetiology, and angiographic misin- 
terpretation have~been put forward to explain the 
association of angina-like chest pain and “normal” 
coronary arteries in women.!~7 19 11 Even though the 
prognosis of the syndrome is good,!? many women 
undergo coronary angiography, with the attendant 
risk of morbidity, to exclude coronary artery stenosis. 
There remains a requirement for improved non- 
invasive diagnosis in this difficult group of patients. 
R wave amplitude decreases during the course of a 


*In receipt of a Junior Fellowship from The British Heart Foundation. 


Accepted for publication 9 March 1982 


161 


normal exercise test!? !5 and it seemed possible that 
adding R wave analysis to conventional ST analysis 
would increase the diagnostic accuracy of stress test- 
ing in women. The object of this study was to examine 
the influence of R wave amplitude change on the 
interpretation of 12 lead treadmill exercise electrocar- 
diograms in women admitted to the National Heart 
Hospital.for coronary angiography during investiga- 
tion for chest pain. All women having both exercise 
tests and angiography, without electrocardiographic 
evidence of previous myocardial infarction, were 
reviewed irrespective of their exercise performance to 
provide an evaluation of both the diagnostic criteria 
and the exercise test. The results were compared with 
those in a small group of healthy asymptomatic young 
women. 


Subjects and methods 


Since 1978, 275 women have undergone diagnostic 12 
lead exercise testing at the National Heart Hospital. 
All women who had had cardiac catheterisation in 
addition were eligible for this study. We excluded 
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Table 1 Exercise test results in 14 normal volunteers 


Ilsley, Canepa-Anson, Westgate, Webb, Rickards, Poole-Wilson 





Subject Age (y) Duration of ER (rest) 
exercise (min) 
1 29 18 10-95 
2 23 15 7.8 
3 23 15 10-90 
4 25 14 3-75 
5 21 12 9-40 
6 30 13 8.90 
7 23 12 3-10 
8 28 15 6:8 
9 27 17 8.25 
10 30 15 8-20 
11 21 14 10-80 
12 20 15 7-70 
13 24 15 5.20 
14 35 15 3-30 
Mean 26 14 7-50 
(SEM) I 0:4 07 


XR (peak) AAR Peak heart 
rate 
8.25 —25 188 
4-65 —40 182 
9-90 mA. 150 
4-60 +25" 188 
7-80 —17 180 
6-95 —22 160 
1-20 —61 184 
4-50 —34 164 
7-80 — 168 
7-40 —10 122 
8.35 =23 178 
6.25 —]19 172 
3-90 —25 180 
1-70 —48 180 
5-95 —23 171 
0-7 3 5 





2, R (rest)=six lead R wave sum (leads II, III, aVF, V4 to 6), recorded at rest in the erect position and expressed in mV. l 


R (peak)=stx lead R wave sum in the same leads at peak exercise. 


> 
% A R=CR(rest)~2R(peak)) as percentage change from XR(rest). 
*— Abnormal R wave response to exercise. 


Table 2 Distribution of clinical findings related to presence or 


absence of coronary artery stenosis 
Coronary No fixed 
coronary 
disease stenosis 
(n=27) (n=35) 
25 (93%) Angina 23 (66%) 
22 (81%) Beta blockade 13 (37%) 
13 (48%) Normal 21 (60%) 
electrocardiogram 
(at rest) 


those who had electrocardiographic evidence of prior 
myocardial infarction, conduction defects such as 
bundle-branch block or atrial fibrillation, and those 
taking digoxin, or with associated rheumatic or con- 
genital heart disease, or hypertrophic  car- 
diomyopathy. 

Sixty two women, aged 29 to 64 (mean age 51 
yéars), fulfilled the study criteria. They all presented 
with chest pain. Thirty four (55%) had a normal rest- 
ing electrocardiogram, with the remainder showing 
only repolarisation changes. Forty eight (77%) were 
thought to have classical angina pectoris with the rest 
classified by the admitting physician as either prob- 
able or atypical angina. Thirty five (56%) had taken a 
beta blocking drug within 48 hours of the exercise 
test. The results were compared with the findings in 
14 healthy asymptomatic female volunteers aged 21 to 
35 (mean 27) years who were not taking drugs and in 
whom cardiovascular examination was normal. 


EXERCISE TESTING AND INTERPRETATION 
The 12 leads chosen were the same as for a standard 
electrocardiogram with the limb leads attached to the 


trunk close to the limb in question. Recordings were 
made in the erect position at rest and at three minute 
intervals during exercise, at peak exercise, and every 
one to two minutes during recovery. The Bruce pro- 
tocol was used, modified by the addition of a warm-up 
stage of 1 mph at 5% grade.'® Each electrocardiogram 
was recorded on a fully automated three channel 
recorder (either Cambridge Instruments model 3038 
or Hewlett Packard model 1517) The recording 
equipment and exercise procedures complied with 
American Heart Association standards.!? 18 

Each exercise test was examined without know- 
ledge of the results of cardiac catheterisation. ST 
segment and R wave amplitude changes were anal- 
ysed. ST change was considered positive if there was 
at least 0-1 mV horizontal or downsloping depression, 
from rest, for at least 80 ms after the J point. R wave 
amplitude was measured in six leads (II, III, aVF, V4 
to 6) in each electrocardiogram and considered 
abnormal if the peak exercise six lead sum failed to 
show a 5% decrease when compared with the resting 
value. A fall in systolic blood pressure of 10 mmHg or 
more from the resting level during exercise was also 
regarded as a positive indicator of disease even with- 
out additional electrocardiographic abnormalities. 


ANGIOGRAPHY 
Left ventricular and coronary angiography were per- 
formed by the Sones technique. Stenosis of a major 
coronary artery was considered significant if there was 
greater than 50% narrowing of the diameter. 

Results are expressed, where necessary, as mean (+ 
SEM) and analysis performed using x? or Student's t 
test for paired and unpaired samples. 
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Table 3 Exercise test results using S T segment depression or R wave amplitude change alone or in combination 








True False True False Sensitivity Specificity Predictive accuracy —— 
l positive negative negative positive Positive Negative 

ST depression 18 9 26 9 67% 74% 67% 74% 
R wave change 18 9 23 12 67% 65% 60% 72% 
ST —ve and 

R wave ~ve 1* 17 4996 9496 
ST +ve and 

R wave t ve 11 2t 4196 85% 





*Patient with non-dominant right coronary disease. 


{Both patients with unprovoked coronary spasm during coronary angiography. 


Table 4 Findings in 18 women showing both no ST segment depression and decreased R wave amplitude at peak exercise 





Patient Age (y) Duration of — HRmax ZR (rest) 
exercise (min) 

I5 54 8 168 ‘6:0 
16 50 12 190 7:45 
17 42 10-5 156 11-00 
18 52 12 155 7.25 
19 39 12-5 160 6-70 
20 51 7 156 4-65 
21 35 12 180 6.35 
22 29 10 132 10-10 
23 39 12 150 7-45 
24 43 115 152 7-70 
25 47 12 160 10-40 
26 54 11:5 160 2-10 
27 51 12 132 6-60 
28 33 6 85 4-20 
29 48 12 100 6-30 
30 43 12 160 7-50 
31 46 13 170 7.55 
32 57 10 120 6-50 
Mean 45 10-9 149 6-99 
(SEM) 2 0-5 6 0-5 


ER (peak) %AR ST Angio 
4-4 -2] = N 
5.55 —26 * N 
9.50 -M pa N 
6-40 -i2 m N 
5.45 ~19 * N 
3.45 -26 EE N 
6-00 - 6 m N 
9-50 -6 e N 
6-80 -H * N 
6-15 —20 EN N 
8-00 —23 — N 
1-75 =17 x N 
5.70 -M * N 
3.90 "Y — N 
6-00 =. is N 
6-80 - 9 s N 
6-65 -1 — N 
6-10 ~ 6 Pi IVD 
6-01 -M 

0-5 2 





HRmax = peak heart rate attained during exercise. 


2 R (rest) = six lead R wave sum (leads H, III, aVF, V4 to 6), recorded at rest in the erect position and expressed in mV. 


) = six lead R wave sum in the same leads at pe REY 
rom rest). 


96 A R = (XR(rest) - ZR T(peak)) as percentage change 
*Abnormal R wave response to exercise. 
**Systolic hypotension at the end-point of exercise. 


ST — Results of ST segment analysis at peak exercise. 
— : Megative test. 
A = Positive anterior (V2 to 4) ST depression. 
L = Positive lateral (I, aVL, V5, V6) depression. 
I = Positive inferior (II, III, aVF) depression. 


Angio = Results of coronary angiography in each patient. 
N = Normal. 
1VD = Single vessel disease. 
2VD = Double vessel disease. 
3VD = Triple vessel disease. 


AbLV = Abnormal ventriculogram, normal coronary angiography. 


APT = Abnormal atrial pacing test. 
PMV = Prolapse of mitral valve. 


Spasm = Unprovoked variation of coronary calibre without demonstrable coronary stenosis. 


Results 


NORMAL VOLUNTEERS 

These 14 normal women achieved a peak heart rate of 
171+5 bpm, with no evidence of ST segment depres- 
sion. The average exercise duration was 14-6+0-4 
minutes. R wave amplitude decreased from 7:50--0-7 
mV at rest to 5-95+0-7 mV at peak exercise (t=5-7, 
p«0-001) This mean decrease of the resting value 


was 2396. All but one of the women showed decreased 
R wave height, ranging from 5 to 6196 of the resting 
amplitude (Table 1). 


PATIENTS 

Twenty seven women had coronary artery stenosis (10 
single vessel, eight double vessel, and nine triple ves- 
sel disease). Thirty five women had no evidence of 
fixed coronary artery stenosis on angiography, though 
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Table 5À Findings in 15 women without angiographic evidence of coronary stenosis having exercise test result showing either ST 
depression or abnormal R wave response 








Patient Age (y) Duration of HRmax XR (rest) XR (peak) 909 AR ST Angio 
exercise (min) 

33 57 7S 146 6-00 6-10 0* — N 

34 43 9.0 176 3-10 3-10 0* — N 

35 54 12-5 160 5-90 5-90 0* — N 

36 53 7:0 74 9-10 8-30 — 9 I N 

37 43 15.0 142 6-40 » 5-20 —19 I N 

38 54 9-0 170 7-00 6-15 —12 I N 

39 59 9.0 130 4-45 5-00 +12* — N 

40 58 3-0 80 4-25 5-05 +19* — N 

41 59 1-5 130 5-90 6-20 + 5* — N 

42 48 4.0 126 6-55 7:50 +15 * — N 

43 58 8.0 100 5:95 6-30 + 6* — AbLV 

44 47 12-0 85 3-60 3-30 —8 L APT 

45 56 9.5 156 5-00 5-40 + §* — APT 

46 48 9-5 130 11-70 9-30 —21 I APT 

47 51 12-0 145 10-50 9-60 — 10 IL PMV 

Mean 53 9.5 130 6-36 6-16 -] 

(SEMY- 6 0-9 8 0-6 0-5 3 





HRmax = peak heart rate attained during exercise. 

: E (rest) = six lead R wave sum (leads II, III, aVF, V4 to 6), recorded at rest in the erect position and expressed in a mV. 
R (peak) = six lead R wave sum in the same. "leads at peak exercise. 

A A R = (ZR(rest)- ZRT(peak)) as percentage change from ZR(rest). 

*Abnormal R wave response to exercise. 

**Systolic hypotension at the end-point of exercise. 


ST = Results of ST segment analysis at peak exercise. 
~ = Negative test. 
A = Positive anterior (V2 to 4) ST depression. 
L = Positive lateral (I, aVL, V5, V6) depression: 
I = Positive inferior (II, III, aVF) depression. 


Angio oe — angiography in each patient. 


IVD = Single vessel disease. 

2VD - Double vessel disease. 

3VD = Triple vessel disease. 

AbLV = Abnormal ventriculogram, normal coronary angiography. 

APT = Abnormal atrial pacing test. 

PMV = Prolapse of mitral valve. 

Spasm = Unprovoked variation of coronary calibre without demonstrable coronary stenosis.. 


Table 5B Findings in 16 women with proven coronary stenosis and exercise test showing either ST depression or abnormal R wave 
response 





Patient Age (y) Duration of HRmax XR(rest) ZR(peak) 96 AR ST Angio 
exercise (min) 

48 47 10 100 8-30 7-40 —]11 IL IVD 
49 48 6 > 75 6-70 6.50 — 3* — 1VD 
50 46 8 150 7-35 7-35 0* — IVD 
51 44 7 155 5-60 5.20 — 7 I IVD 
52 50 13:5 145 3-65 2-90 —21 IL IVD 
53 57 6 92 6.70 8-40 +25 * — 1VD 
54 50 6 96 11:55 11-65 Q* — IVD 
55 58 V E 98 8.15 6-50 —20 IL 2VD 
56 58 5-5 145 2:70 1-70 —37 L 2VD 
57 58 10 132 7-10 5-40 —24 IL 2VD 
58 38 15 122 6-20 5-70 — 8 IL 2VD 
59 59 5 60 7:35 7-35 Q >x — 2VD 
60 63 9 90 10-16 10-60 + 5* — 2VD 
61 56 6. 78 2-45 1-85 —24 I 3VD 
62 63 10 90 5-30 5-90 +11* — 3VD 
63 55 4 80 7-65 7-65 Q ** — 3VD 
Mean 53 8 107 6-68 6:38 —7 

(SEM) 7 0.8 8 0-60 0-70 4 





For explanation to abbreviations see footnote to Table 5A. 


d 
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seven (20%) showed other abnormalities comprising 
severe coronary spasm in two, abnormal left ven- 
triculography in one, mitral prolapse without regur- 
gitation in one, and an abnormal pacing stress test (ST 
depression and chest pain or raised left ventricular 
end-diastolic pressure) in three patients (of four who 
had an atrial pacing test). The distribution of clinical 
findings related to the results of angiography is shown 
in Table 2. 


EXERCISE TEST 
The sensitivity and specificity of ST or R wave 
changes were lower than we would expect from exer- 
cise testing of our typical hospital population,!? and 
the predictive values of 60 to 70% are not clinically 
useful (Table 3). When both criteria were employed, 
that is with both negative ST and reduced R wave 
amplitude in the same test, there was a 94% predictive 
accuracy for normal coronaries though specificity was 
only 49%. Likewise, the doubly positive test had a low 
sensitivity but a high predictive accuracy (Table 3). 
Individual results for all the patients are shown in 
Tables 4, 5, and 6, arranged according to the findings 
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of the exercise test. Of the 18 test results fulfilling 
both negative criteria, 17 had normal coronary 
angiography, with the remaining patient having non- 
dominant right coronary disease (Table 4). The 
results in this group are similar to those in the normal 
volunteers (Table 1) with the significantly lower exer- 
cise duration (10-9+0:5 versus 146+0-4 min, 
p<0-001) and maximum heart rate (149+6 versus 
171+5, p<0-01) reflecting the difference in age bet- 
ween the two groups. 

In contrast, the remaining patients shown to have 
no coronary stenosis had either an abnormal R wave 
response (in nine) or “‘false’’ ST segment depression 
(in six women) (Table 5a). Five patients in this sub- 
group had abnormalities other than coronary stenosis. 
The abnormal R wave response was not the result of a 
poor chronotropic response as the mean peak heart 
rate. in those nine patients was 134+10 which is 
86% +6% of the predicted age related maximum. 

Sixteen (5996) of those with coronary disease had 
either ST depression or an abnormal R wave response 
to exercise (Table 5b). Comparison óf Tables 5a and 
Sb shows significant difference only with respect to 


Table 6 Findings in 13 women with exercise tests showing both ST depression and abnormal R wave amplitude change 








Patient Age (y) Duration of HRmax ZR (rest) XR (peak) %AR ST Angio 
exercise (min) 
64 55 10-0 82 5-30 5-20 — 2* IL Spasm 
65 32 7.5 122 10-50 10-40 — 1* IL Spasm 
66 59 6-0 110 4-70 5-00 + 6* IL IVD 
67 64 8-0 78 11-60 12-10 + 4* L 1VD 
68 48 7-0 135 4-55 6-05 +33 * AIL IVD 
69 63 12-0 70 10-35 10-05 — 3* L 2VD 
70 53 8-5 166 5.85 5-90 + 1* L 2VD 
71. 56 9.5 104 4.80 6-05 +26 * L 3VD 
72 49 8-0 112 8-80 9-05 + 3* L 3VD 
73 56 10-0 135 3-65 4-70 +29 * IL 3VD 
74 54 12:0 110 4-50 7-20 +60 * IL 3VD 
75 53 5-0 118 1-40 1-65 +18 * AIL 3VD 
76 63 9-0 82 5-70 5-60 ~ 2% AIL 3VD 
Mean 5 8-7 110 6-28 6.84 +13 
(SEM) 5 0-6 8 0-80 0-80 5 





For explanation to abbreviations see footnote to Table 5A. 


Table 7 Results of conventional ST analysis in this study compared to previous published reports 


Reference Ex Electrocardiogram ST N Sensitivity Specificity Predictive accuracy 
Positive Negative 
This study T 12L 0-1 62 67% 74% 67% 74% 
Weiner et al.? T 12L 0-1 526 76% 6196 49% 86% 
Barolsky et al.? T Orth 0-1 66 55% 9596 4596 7796 
Detry et al.* B I2L 0-1 53 8896 8196 68% 94% 
0-2 53 23% 97% 80% 73% 
Reuben et al. * T CM5 0-1 253 47% 62% 41% 64% 
Sketch et al. ? T 12L 0-1 56 45% 78% 33% 85% 
Linhart et al. ! T 12L 0-1 98 7196 7896 52% 89% 
Ex = Exercise test used: T, treadmill; B, bicycle. 


Electrocardiogram = Electrocardiograph lead system (12L=12 lead, orth=X, Y, Z leads). 
ST — Degree of ST depression used in the study in mV. 
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the maximum heart rate (130-8 versus 107:t8, 
p<0-05). Two women showed exercise-induced 
hypotension without ST change during exercise and 
both had severe coronary disease. Five of the six 
women with coronary disease and no ST depression 
had a low peak heart rate which may, in some, 
account for the abnormal" R wave response. 

All 13 patients showing both ST and R wave 
abnormal tests had abnormalities shown on angiogra- 
phy, though only 11 (8596) had significant coronary 
stenosis (Table 6). Two showed severe unprovoked 
coronary spasm. 


Discussion 


The diagnosis of coronary artery disease in women 
with chest pain is difficult as even classical angina may 
not be diagnostic.? Though the poor predictive accu- 
racy of tests in women may reflect a lower prevalence 
of coronary disease? ? 2° a "positive" exercise test is 
associated with an increased risk for future sudden 
death or myocardial infarction, albeit less than that 
for such a result in men.?! Previous authors have 
underlined the limitations of ST segment interpreta- 
tion in women (Table 7). Normal angiography at rest 
does not necessarily relate to cardiac function at peak 
exercise and many patients remain symptomatic 
despite reassurance that all is normal" .?? 

The results of standard ST segment interpretation 
in this study are similar to previous work showing a 
test sensitivity and specificity of about 7096 (Table 7). 
R wave analysis usefully increased predictive accuracy 
in many women though the results were insufficient to 
provide correct interpretation in all. The overall effect 
of combined ST and R wave analysis is to identify 
reliably two subgroups of women. Firstly those with a 
doubly negative test (no ST depression and reduced R 
wave amplitude at peak exercise) are most unlikely to 
have coronary artery disease. The only patient with 
such a result and abnormal coronary angiography had 
non-dominant right coronary disease of little clinical 
significance (Tables 1 and 4). Secondly the doubly 
positive test is highly likely to occur with coronary 
disease (Table 6). These two subgroups accounted for 
half the subjects studied. 

The decrease in R wave amplitude during exercise 
in normal subjects has been widely reported and the 
phenomenon confirmed using severa] different elec- 
trocardiographic lead systems. The R wave decreases 
as heart rate increases, though the absolute change is 
not predictable in an individual. Of our 14 normal 
volunteers, 13 showed a 596 to 9496 decrease from rest 
to peak exercise. The mechanism for R wave change is 
both complex and controversial and a definiüve 
explanation has yet to be proposed, though changes in 
cardiac volume have been related both in theory and 
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practice.23~25 There is therefore a good basis for 
accepting reduced R wave amplitude on exercise, cer- 
tainly treadmill exercise,!?~'5 as a criterion for a nor- 
mal test. 

Increased or unchanged R wave amplitude at peak 
exercise is less well recognised as an index of abnor- 
mality,?297?8 though other workers have found it 
extremely predictive of coronary disease in men.!? !5 
In this study it was only highly predictive of coronary 
disease if it was associated with ST segment depres- 
sion (Table 6). Ischaemia may alter the QRS wave 
directly or produce a secondary change with increased 
intracardiac volume and the resultant effect in an 
individual will depend upon the resting electrocar- 
diographic pattern and relative interplay of these two 
mechanisms. This may explain why some patients 
with pronounced ST depression show reduced R wave 
amplitude and vice versa. 

Changing the percentage R wave decrease necessary 
to denote abnormality would alter specificity with 
reciprocal effect on sensitivity just as it would for ST 
segment change. Patients: with a low heart rate 
response (Table 5b) often showed an unexpected 
increase in amplitude, perhaps reflecting increased 
left ventricular volume. Even if these patients are not 
“ischaemic” at the end of exercise the absence of a 
satisfactory chronotropic response represents a 
significant difference from the normal population.’ 
Beta blockade will reduce the peak heart rate attained 
during an exercise test but does not of itself cause a 
change in the rate-R wave relation. 

For women with either ST or R wave positive tests 
there was no reliable predictive accuracy for the pres- 
ence of coronary stenosis (Tables Sa and b). Within 
this subgroup many showed abnormalities other than 
coronary disease but we stress that in this retrospec- 
tive review no systematic additional studies (for 
example atrial pacing test) had been performed. 
Ergometrine was not administered to any of these 
women. Ellestad and colleagues? found only 13% of a 
selected group of 95 men and women with “‘false posi- 
tive” tests to be entirely normal. In our patients seven 
(41%) of the 17 with “false positive” tests had abnor- 
malities other than coronary stenosis: three had an 
abnormal atrial pacing test (ST depression with * 
associated chest pain and elevation of left ventricular 
end-diastolic pressure), one had an abnormal left ven- 
triculogram, one had significant mitral prolapse 
without regurgitation, and two had severe unpro- 
voked coronary artery spasm unrelated to either the 
catheter tip or identifiable coronary disease. These 
abnormalities may be the underlying cause of the 
chest pain in the patients concerned. Indeed, by 
implication, patients with either abnormal ST or R 
wave amplitude responses and ‘“‘normal’’ coronary 
arteries are more likely to have an underlying abnor- 
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mality other than coronary artery stenosis. An exer- 
cise test may therefore be as accurate a diagnostic test 
as a coronary angiogram in women presenting with 
chest pain. 

Of all those undergoing angiography for chest pain, 
10 to 3096 have ostensibly normal coronary arteries. 
In women, especially young women, however, as few 
as one-quarter have demonstrable stenoses.? As this 
study indicates that a double negative (normal ST 
segment and reduced R wave at peak exercise) tread- 
mill exercise test is a good predictor for normal 
coronaries many women presenting with chest pain 
can be reassured without recourse to coronary angiog- 
raphy. Women with abnormal exercise tests and yet 
“normal” coronary angiography are a heterogeneous 
group, with several possible underlying aetiologies. It 
is this subgroup of women, in our consecutive series 
being about one-quarter of those investigated, that 
requires careful follow-up and future study if the 
chest pain persists. 
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Computerised cardiological case notes 


K N WILLIAMS,* IA B BROOKSBY,t+t J MORRICE, S HOUSEAGO, M M WEBB-PEPLOE 
From the Department of Cardiology, St Thomas's Hospital, London 


SUMMARY Optical Mark Reader forms have been used by the Cardiac Department at St Thomas's 
Hospital for six years to store clinical and haemodynamic data by computer. Forms are completed 
by clinical staff in outpatients and also for those patients undergoing cardiac catheterisation. Three 
documents are used to record the symptoms and signs at the clinical consultation, the results of 
relevant investigations, and the important findings at cardiac catheterisation. These documents are 
fed into a computer and data from them, together with a limited quantity of typed information, are 
used to produce full clinical reports for our colleagues and the case notes. These reports have saved 
much secretarial and medical time. A variety of analyses is available for research and management 


purposes. 


Since the mid 1960's numerous efforts have been 
made to use computer methods for the routine pro- 
cessing of clinical data. For a variety of reasons these 
have not been wholly successful and, particularly in 
the United Kingdom, have not been widely used. 
Perhaps as a consequence, computer resources have 
been applied instead to activities more peripheral to 
the clinical consultation, such as patient administra- 
tion, nursing and laboratory applications and, most 
successfully of all, to the processing of signals from 
complicated electronic equipment used in, for 
example, radiology, chemistry, nuclear medicine, and 
indeed cardiac catheterisation. 

We believe that attempts to computerise the data 
obtained at a clinical consultation have been ham- 
pered by the range and quantity of the information 
obtainable. Many workers have solved this problem 
by focusing on a well defined range of disease pro- 
cesses to the exclusion of others: for example peptic 
ulcers,! hypertension,? ? and a variety of applications 
in which patients themselves use a computer terminal 
to describe their symptoms.^ Despite reducing the 
problem to more manageable proportions, there still 
remain difficulties with the computer techniques used 
to record the data. Solutions usually involve either 
manuscript or formalised proformae (which are subse- 
quently typed into the computer by secretarial staff) 
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or direct use of an on-line terminal by the clinician. 
The former method suffers in the main from delays, 
transcription errors, and the need for additional staff, 
while the latter method involves a high capital cost, 
the need for doctors to acquire typing skills, and often 
the unacceptable time involved for each cenversa- 
ton.’ 

We present here a system which solves the problem 
of data input using Optical Mark Reader (OMR) 
forms on which the clinician directly records the his- 
tory, physical signs, and the results of most of the 
more relevant investigations. The system is 
implemented on a medium scale time sharing compu- 
ter with a typewriter terminal in the Cardiac Depart- 
ment and shared use of the OMR device. 


The system 


Three OMR forms are used, one to record the history, 
physical signs, electrocardiogram, chest radiograph, 
and echocardiographic findings, a second to record 
the results of more specialised investigations aimed at 
the diagnosis of cardiorespiratory disease, and a third 
to record the techniques and results of cardiac 
catheterisation. 


PATIENT EXAMINATION OMR FORM 

This document is used to record information obtained 

at the consultation in out-patients or on the ward and 

is filled in at that time by the clinician. The various 

sections of the form (Fig. 1) record: 

—basic patient identification including hospital 
number 
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Fig. 1 The patient examination OMR form. 


—important events in the past history 
—symptoms of heart disease including effort intoler- 


ance 
—the complete physical examination including 
auscultation 


—the results of the chest x-ray examination 
—the results of electrocardiography 
—the results of echocardiography 
—a list of proposed further investigations. 
The clinician then records, in manuscript and on an 


attached sheet (Fig. 2), more comprehensive details 
of the past history if required, current treatment, and 
his diagnoses at that time. Diagnoses relevant to car- 
diovascular disease are numerically coded using a 
small, easily expandable dictionary; but non-cardiac 
diagnoses are recorded in text only and are therefore 
less amenable to subsequent analysis. 

The documents are fed into the OMR by a secretary 
who also types in any extra information relevant to 
each record. If error free, the computer record is 
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Fig..2 The manuscript appendage to the OMR form in Fig. 1. 


added to its files, merging it with any existing infor- 
mation for that patient. If there are no outstanding 
investigations other than blood tests, a full report is 
then printed on the typewriter terminal in the cardiac 
department: this device has a typeface similar to that 
of an ordinary typewriter (Fig. 3). On to this report 
the secretaries transcribe the results of any blood 
tests, photocopy the finished report (Fig. 4), and dis- 
tribute it to the referring clinician, the patient's gen- 


eral practitioner, the case notes, departmental files 
and, where appropriate, to our surgical colleagues. 


INVESTIGATIONS OMR FORM 

This document (Fig. 5) is used to record the results of 
more specialised investigations relevant to patients 
with cardiorespiratory disease. The various sections of 
the document include provision for recording the 
patient's identification including hospital number and 
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The patient was not overweight with good teeth 
Arterial blood pressure was 160 / 80 ( lying ) 
Pulse „rate was in the range 51-90 /min in sinus rhythm 


Venous pressure was 1 cm above the sternal angle, waveform showed a<=v 


Ventricular impulse graded at LV 1 /4; RV 0 /4; PA 0 /4 
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Fig. 3 A section of the computer produced clinical report together with that part of the OMR form 


from which it was generated. 


the results of: 

—lung function tests including patch testing and 
blood gas estimations 

—124 hour ambulatory electrocardiographic monitor- 
Ing 

-exercise testing 

—-venous occlusion pledivemoguihy 

-myocardial perfusion scans (201T1) 

—hot spot (pyrophosphate) scans 

—first pass isotope perfusion studies 

—gated blood pool studies 

—ventilation/perfusion lung scans. 

Most of the above investigations are performed by 
staff closely involved with the cardiac department and 


they complete the OMR forms instead of issuing for- 
mal reports. Lung function tests are done elsewhere, 
however, and our technical and secretarial staff trans- 
cribe these results on to the OMR form. The docu- 
ments are then fed into the computer as described 
above, save that no free text information is necessary. 
This input is merged with any existing information 
and a complete, cumulative report printed in the car- 
diac department. 


CATHETER OMR FORM 

This document is attached to the manuscript catheter 
record and is a summary of its contents. It allows the 
following to be recorded: 
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ST. THOMAS’ HOSPITAL | S.E.1 7EH 


DEPARTMENT OP CARDIOLOGY 
Ch: 10443 


Hane ; WENNS FREDERICK, - male caucasian 
Adresu ; WWW ROAD;GREENENEN; KENT 


GP: Dr Gwe, 1 Chislehurst Road, Orpington, Kent. 
Referral: 


Age 59 
(008 38.08.22 ) 


GP not from London ares 


Diaanosis: coronary artery disease cbvonic ischaemic heart disease, 
Coronary attery disease angins pectoris, anteroseptal 
infarct, anterolateral infarct, left anterior hemiblock 


Seen ag a new patient on 23 SEP Bl by KHF 


PAST HISTOAY: 

198998 polio affecting legs. 1945 appendicitis and 

peritonitis. 1968 myocardial infacct. 1971, 1973, 1975 and 1977 
-Broxyoms] tachycardia requiring sdeission to hospital. 1980 
cholecystectowy. 198} DV.  —BHypetcholeserolaemía discovered 

1966 - hypothyroidimsm diagnosed, Feelings of inpending disaster. 
Finds stress difficolt. 


FAMILY HISTORY: 
Pather died ageg -£2 of syocardial infarction. 
has had myocardial infarction, 


Brother 


(TREATMENT: 
L-Thyrozine 0.15 ei per day. 
^n the past hag had Clofibrate, Getacsdone 60 mgs pet day 


POESENT SYMPTOMS: 

Effort íntolerance grade 2 (HYHA} Limited by shortness of breath 
Ex-asoker of tobacco 

Symptoms included angina, palpitation, atypical pain 

tor 3 years 


PBYSICAL EXAMINATION: 

The patient wae not overweight with good teeth 

Arterial blood pressure was 160 / BU ( DUM ) 

Pulse rate was in the range 51-90 /ain in sinus rhythm 

Venous pressure wae 1 cm above the &ternal angle, waveform showed a<ev 

Ventricular impulse graded at LV 1 /4; RV Q Z4; PA O /A 

‘uscultation s» a single non-ejectíon click 
late mitral systolic mucmur of intensity grate 1 74 
eacly diastolic  ( sortic } murmur of intensity grade 
l /4 and length I /4 


Abdominal examination ceavealed an evoked tenderness in the right upper 
quadrant 
The urine contained protein 


The following were normal:- 
respiratory systen, CNS, peripheral puleca, liver 


Continued above right 
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CHEST X-RAY: 
Cardlothorscic ratio 15 / 31 


ECG: 

Sinus rhyths vith a P-R interval of 0.15 sec 

The cardiac axis was at -49 deg. 

max S wave on V1/2 30 mm, R wave on V5/6 10 ma 

The findings were consistent with left anterior bemiblock, an old 
myocardial infarct ( anteroseptal & anterolateral ) 


BCHOCARDIOGRAN 1 

MV closure rate 60 na/aec, MV excursion 15 mm, LA size 4l mm, aorta 14 
am, posterior wall 10 om, septua 14 cm, 

internal LV diameter - díastolic 60 um, internal LV diametet ~ systolic 
36 an 

fvidence of mitral valee/septal flutter consistent with aortic . 
regurgitation 


The patient will be seen again here in 6 weeks 
Pucther investigations summary as at 23 SEP BI 
MYOCARDIAL PERFUSION SCAN 


EXERCISE ECG 
24hc ECG 


3 Abnormal 
1 Abnormal 7 
1 result to follow 


MYOCARDIAL PERFUSION SCAN using Thallius 201 
Suggested an inferior reversible defect, 
anteroseptal & anterolateral fixed defect 
inferior equivocal area 


EXERCISE ECG ual leads CH4, CMS, CHE 
Patient achieved 2 minutes into stage fI of the Broce protocol, teat 
tecminated by chest pain, shortness of breath, fatigue 
Subject attained 110 & predicted heart rate, 70 t predicted oxygen 
consumption 
Blood pressure at end of exercise teat = 170 / 30 mm Hg 
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Fig. 4 The clinical report. The bar at the right margin indicates the proportion derived from free text data. 


—patient identification 

—arterial and venous catheters used and their site of 
entry 

—jinvestigative procedures employed 

—complications of catheterisation 

—diagnoses, 70 of which may be marked but others 
may be coded and keyed in 

—angiographic findings 

—-a summary of the haemodynamic indices. 

The marking of this form is partly done by techni- 
cal staff during the procedure and completed by clini- 
cal staff after the angiographic and other data have 
been analysed. The OMR forms are then fed in by 
secretaries who also key in any extra diagnoses or 
complications which could not be marked on the 
form. À brief report is produced by the computer but 
this is used only to check the data.and is then dis- 
carded. 


Analysis facilities 


The most useful output derived from the patient 
examination and investigations OMR forms is the 
clinical report: these data and that from the catheter 
OMR form, however, may also be analysed to pro- 


duce various tabulations which help the department 
perform more effectively. Several analyses are avail- 
able of which the most important are an audit, a 
breakdown of costs, and an extract facility. 


AUDIT 

This examines all catheterisations within a stated 
interval and lists the catheters used, entry sites, and 
procedures employed against the incidence of compli- 
cations. This information is used to prepare the 
annual catheter laboratory report and to review com- 
plication rates associated with each technique. 


COSTS 

The computer automatically accumulates the cost of 
each catheterisation by individually costing the vari- 
ous types of catheter used, the angiogram(s), and pro- 
cedure(s). These costs may be listed by operator, 
time, and source of referral; the output is prepared 
overnight after the request has been entered on the 
terminal in the cardiac department. 


EXTRACT 
This is the most important analysis facility available 
on the system. It enables the rapid identification of all 
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Fig. 5 The investigations OMR form. 


records that share any defined characteristic; it is used 
mainly for research. The research worker enters 
details into the computer using the terminal and, after 
a Short delay, obtains a list of the identities of all 
records that satisfy his requirements. He would nor- 
mally then use this list to gain access to the case notes 
or any other records and proceed by conventional 
means. The most frequent need is for a list of all 
patients in a given diagnostic category; this can be 
done using a single scan of the data on the computer. 





It is possible to manipulate several scans so as to 
satisfy more sophisticated requirements involving 
logically linked series of criteria. The process of ex- 
traction occurs during the conversation between 
researcher, using a keyboard, and the computer. The 
system can also subsequently produce a complete 
print out of all selected records. 

Other analyses include listings of diagnosis fre- 
quency and a breakdown of workload by consultant 
and referral source. The record linkage capability of 
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the system may be used to perform longitudinal 
studies on any defined variable, for example effort 
intolerance, blood pressure. 


Development 


The system was developed with eight months of ana- 
lyst and programmer effort over a seven year period 
since 1974. A further three weeks were spent by clini- 
cal staff defining their requirements and assessing the 
results. The computer programmes were written in 
FORTRAN IV using soft ware originally developed 
for the microbiology system at St Thomas's.5 Consid- 
erable effort was invested in the design of this soft 
ware to ensure that changes to the system, and in 
particular to the number and design of both OMR 
forms and reports, could be made with the minimum 
of effort and delay.” Many changes can be made with- 
out any reprogramming. The computer holds 4500 
catheter records going back to 1973 and 5000 exam- 
ination records since 1976, 1500 of which relate to 
outpatients. The investigations OMR form has only 
recently been added to the system and as yet only 250 


documents have been fed in. A total of 50 OMR forms ` 


are entered each week. 
Results 


The system is operated entirely by the staff of the 
cardiac department who readily absorbed its routine 
operation into their daily work. The marking of OMR 
forms was unexpectedly easy and rapid. The patient 
examination form was the most time-consuming and 
takes approximately 10 minutes to complete, but so 
did the previous task of dictation which it replaced. 
To mark each investigation and catheter OMR form is 
a trivial task and takes at most a few minutes. To 
enter the 50 OMR forms into the computer takes 40 
minutes each week, of which 30 are spent commuting 
to and from the microbiology laboratory where the 
OMR device is located. To annotate the records takes 
a weekly total of two-and-a-half hours of secretarial 
time, most of which is spent typing in free text. Each 
report takes two minutes to print, but since it is done 
by the unattended operation of the computer termi- 
nal, no further secretarial time is involved. The addi- 
tion of laboratory results, photocopying, and distribu- 
tion are all tasks unchanged from the previous system. 
The time spent by technical and clinical staff in run- 
ning the system thus shows no significant change from 
previous methods. Each week our secretarial staff 
take some three-and-a-half hours to process 50 docu- 
ments. This compares very favourably with the 
équivalent time of 25 hours previously spent typing 
the dictated letters. 

The savings effected by the various analyses and 
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listings produced by the computer are more difficult 
to quantify. The annual catheter laboratory report 
used to take a doctor 10 days to prepare, most of 
which was spent on the manual assembly of analysis . 
sheets. The audit facility has reduced this to one day 
actually writing the report. The costing figures prove 
extremely useful in convincing the administration not 
only that the department cares about cost but also that 
cardiac investigations are not as expensive as it 
thought! The extract facility was, and with increasing 
frequency continues to be, used to identify groups of 
patients for teaching or research purposes. Examples 
of the ways in which the system helps our research 
activities include: 
—Aa review of the electromagnetic flow probe? 
—factors determining angina in aortic stenosis? 
—the results of endomyocardial biopsy studies in 
mitral leaflet prolapse!? 
—visual complications of mitral leaflet prolapse.!! 

To identify all patients in these categories would 
have meant checking by hand all the manuscript 
catheter records, a prohibitively time-consuming and 
boring task; using the computer it was done in 
minutes rather than months. 

Our problems lie mainly in the shared use of the 
OMR device and the unreliability of the central com- 
puter. Commuting to and from the microbiology 
laboratory accounts for much of the time spent enter- 
ing OMR forms and is particularly tiresome .when 
errors require forms to be re-entered. The obvious 
solution for this (a second OMR) was impractical 
because of the high cost (£11 000) of the reading 
devices. Unreliability of both mark reader and central 
computer is a problem but seldom causes more than 
minor inconvenience. Our system was designed so as 


. to tolerate unavailability of the computer for up to two 


days continuously and this limit has only been 
exceeded on two occasions in six years. There is a 
small but continuing requirement for retrospective: 
manipulation of the files by our computer depart- 
ment. Inappropriate marking of the OMR forms by 
new clinical staff is a recurrent minor irritation but 
this soon responds to correction and encouragement 
from our secretaries. 


Discussion 


There is little doubt that computers can be of great 
value in the production of management and research 
statistics if, and only if, they can be used to record 
accurate and complete information economically. In 
many cases the computer may also help the routine 
operation of a clinical or paraclinical department. The 
production of analytical forms of output presents no 
major computer programming or organisational prob- 
lems. The major difficulty in clinical work is record- 
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ing the patient data and this we believe can be over- 
come given a recording technique appropriate to the 
data involved, and a computer system of sufficient 
flexibility and reliability. The system we describe 
achieves during its routine operation a net saving of 22 
hours of secretarial time per week and provides a 
management and research tool of great power and util- 
ity. Furthermore, it has been implemented with vir- 
tually no opposition from those who use it. We ascribe 
this firstly to the OMR techniques used, secondly to 
the flexibility of the computer programs, and thirdly 
to the careful avoidance of any duplication of work, 
however temporary, during the transition from man- 
ual to automated methods: The system was therefore 
seen from the outset to be easy to use, easy to modify, 
and to involve less and not more work for those con- 
cerned with its day to day operation. 

Reliability and local control of development would 
be improved by the use of a mini- or microcomputer 
dedicated to our department, particularly if it formed 
part of a network linked to other applications. Such 
an arrangement would also provide much needed 
insurance against failure. 

We have not been able wholly to computerise our 
clinical record. Much of the text which is currently 
typed in, and merely reproduced verbatim on our 
clinical reports, could well be supplied by interaction 
with other computer applications participating in a 
network. Thus treatment details could be supplied by 
a pharmacy application, the past history from a diag- 
nostic system with record linkage capability, and the 
laboratory results included automatically rather than 
transcribed as at present. Despite this, a clinical 
report must be complete and we do not therefore fore- 
see a time when free text can be completely eliminated 
from our system. 


Design of suitable OMR forms would permit simi- : 


lar applications in other fields such as insurance medi- 
cal examinations, industrial health, and the health 
records of the armed forces. For such purposes these 
forms would not only allow for the easy storage, 
retrieval, and analysis of large quantities of data but 
would also encourage the uniform recording of clini- 
cal information by different clinicians. Whether or 
not doctors in other specialities would find the 
method suitable would depend on the computer 
facilities to which they had access, the nature and 
extent of the information they wish to record, and the 
determination and enthusiasm that they, and the 
computer staff they employ, apply to the problem. 
While cardiology undoubtedly forms but a subset of 
general medicine, we believe that it is not such a super 
speciality that our results are not applicable else- 
where. 


— Williams, Brooksby, Morrice, Housego, Webb-Peploe 


Unless medical computing can be seen to work in 
the routine clinical environment to the satisfaction of 
clinical and ancillary staff, and of a cost conscious and 
sceptical administration, then there is a danger that 
computer professionals will increasingly regard it as 
difficult and unrewarding and that clinicians will con- 
tinue to view computer systems as expensive, time- 
consuming, and unproductive gimmicks. 
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A diet of the Specialty Fellowship in Car- 
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Large calcified right atrial myxoma in a newborn 


Rare cause of neonatal death 


SINDA B DIANZUMBA, GURENDRA CHAR 


From the Departments of Medicine ( Cardiology) and Pathology, University Hospital of the West Indies, Kingston, 


Jamaica 


SUMMARY A newborn baby girl presented at birth with severe cyanosis, congestive cardiac failure, 
and an ischaemic leg ulcer, and died within 10 hours of birth. Necropsy disclosed a large haemor- 
rhagic, calcified right atrial myxoma obstructing the tricuspid valve. 


Right atrial myxoma is a rare cause of heart failure in 
infancy and childhood.! + Since its clinical diagnosis 
is elusive in this age group,* it is usually not suspected 
in the differential diagnosis of cyanotic neonates with 
congestive cardiac failure. The implications, however, 
of making the diagnosis of this potentially curable 
tumour during life are obvious. We report a newborn 
baby with a calcified right atrial myxoma simulating 
cyanotic congenital heart disease. 


Case report 


A 19 year old primigravida was admitted to the Uni- 
versity Hospital of the West Indies maternity ward 
with severe pre-eclampsia and hydramnios at 30th 
week of pregnancy. Her blood group was A, Rh posi- 
tive. Four weeks after admission, fetography was 
normal. Eight weeks later spontaneous rupture of the 
membranes occurred. She was transferred to the 
labour ward for induction and thirty hours later a 
female child, weighing 3025 g, was born. The baby 
was cyanotic and had generalised oedema with a 
bloated abdomen. She had no spontaneous cry. 
Respirations were forced and gasping in type. Since 
no resuscitative measures were undertaken, the baby 
died 10 hours after delivery. The placenta was large, 
oedematous, and fragmented. Necropsy showed that 
the lungs and liver were congested and the right 
atrium and ventricle were enlarged. There was a large 
glistening, pedunculated tumour (measuring 
221-8 cm) attached to the endocardium of the 
posterior wall of the right atrium (Fig. 1), completely 
obstructing the tricuspid valve orifice. Its surface was 
haemorrhagic and ulcerated. The cut sections of the 


tumour showed multiple areas of haemorrhages and 
calcification. Histology and special stains confirmed 
the tumour to be a myxoma (Fig. 2). There was a 
moderate amount of ascitic fluid in the abdomen and 
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U cm | d 
Fig. 1 Gross specimen of the heart depicting the tumour (T) 
within a dilated opened nght atrium, ansing from the 
endocardium of the posterior atrial wall. The arrow points to the 
pedicle of the tumour on the endocardial surface. RV, unopened 
nght ventncle. 
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Fig. 2 (a) Histology of the myxoma showing pseudo-glandular arrangement of the characteristic 
lepidic cells within polysaccharide rich stroma. (H and E. Original magnification. » 560.) ( b) 
Photomicrograph of myxoma showing calcification (dark deposits on the left side). (H and E. Onginal 
magnification * 350.) 


an ischaemic ulcer of the left foot was also noted. The 
latter was thought to be a result of a paradoxical 
embolus which appeared to have occurred in utero. 


Comments 


A right atrial myxoma, like the commoner left atrial 
myxoma, usually causes symptoms and signs of obs- 
truction. Our patient is the youngest reported pres- 


enting with a calcified tumour. At birth she showed 
cyanosis, congestive cardiac failure, anasarca, as well 
as an ischaemic ulcer on her leg, presumably the 
result of paradoxical systemic embolus through a 
patent foramen ovale. Unfortunately she did not live 
long enough to undergo appropriate investigation. 
This presentation emphasises the fact that right 
atrial myxoma can be a rare cause of fatal neonatal 
cyanotic heart failure. The tumour was extremely 
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large relative to the baby’s heart size and undoubtedly 
produced severe obstruction to right ventricular 
filling, leading to a low cardiac output and severe right 
heart failure. The mild hypertrophy of the right ven- 
tricle which was present also suggests associated 
tricuspid regurgitation, which is found with calcified 
right atrial myxoma.? With modern diagnostic 
methods and improved surgical techniques, this 
lesion may be successfully treated if the diagnosis is 
suspected.3~5 Cardiac tumours such as atrial myx- 
omas are now readily diagnosed by M-mode echocar- 
diography and particularly two dimensional real time 
echocardiography where movement, shape, and loca- 
tion can be clearly defined in relation with cardiac 
structures.$ ? Unfortunately this newborn baby was 
not referred to a cardiologist. 

Thus, the unusual features of this case are the age 
of the baby, the right atrial location of the myxoma, 
calcification of the myxoma in utero, the large size of 
the tumour with obstructive signs presenting as severe 
cyanotic congenital heart disease at birth, probable 
paradoxical systemic embolisation present at birth, 
and an apparent extremely rapid growth of the myx- 
oma in utero. 


We thank Professor Vasil Persaud, Department of 
Pathology, for reviewing the slides of the myxoma. 
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Unusual vascular ring in infant with pulmonary atresia 
and ventricular septal defect 


ROXANE McKAY, JAROSLAV STARK, MARC DE LEVAL 
From the Thoracic Unit, The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY A 3-day-old infant investigated for cyanotic heart disease was found to have partial 
DiGeorge syndrome and pulmonary atresia with ventricular septal defect. The only source of 
pulmonary blood flow was a right-sided persistent ductus arteriosus which originated from an 
aberrant right subclavian artery. Such a vascular ring has not been described previously. Surgical 
treatment included a left-sided prosthetic shunt in infancy followed by resection of the ligamentum 
arteriosum and right subclavian artery during the second year of life. 


À left aortic arch with aberrant right subclavian artery 
and right ductus arteriosus is a rare form of complete 
vascular ring. Only cases in which there was also a 
retro-oesophageal and right descending thoracic 
aorta, with the ductus arising from the dorsal aortic 
root, have been recorded in the English publica- 
tions.! ? The patient presented here is unique in that 
the descending aorta was on the left and the persistent 
ductus arteriosus originated from the aberrant subcla- 
vian artery itself. The association of this anomaly with 
pulmonary atresia, ventricular septal defect, and par- 
tial DiGeorge syndrome created special problems in 
surgical management. 


Case report 


A male infant, 3-2 kg, was transferred at 3 days of age 
for investigation of increasing cyanosis. Pregnancy 
and delivery had been uncomplicated, and he first 
became “dusky” with tachypnoea seven hours after 
birth. On physical examination, the baby had odd 
facies, with pointed ears, widely spaced eyes, and 
down-turned mouth. Moderate central cyanosis, a 
soft systolic murmur along the left sternal edge, and a 
single second heart sound were noted. No murmur 
was heard along the right sternal edge. Relevant 
laboratory investigations included an arterial Po, of 
32 mmHg in room air, a serum calcium of 1-58 nmol/ 
l, and the absence of thymic shadow on chest x-ray 


Cardiac catheterisation showed pulmonary atresia 
with a ventricular septal defect, left aortic arch, and 
an aberrant right subclavian artery. The sole blood 
supply to the lungs came from a right-sided persistent 
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ductus arteriosus arising from the aberrant subclavian 
artery (Fig. la). With patency of the ductus main- 
tained by an infusion of prostaglandin E, at 0-1 ug/kg 
per min, a modified Blalock-Taussig shunt? was con- 
structed the following day, using a 6 mm Gore-Tex 
conduit between the left subclavian and left pulmo- 
nary arteries. Postoperative recovery was 
haemodynamically satisfactory but complicated by 
multiple episodes of twitching, necrotising entero- 
colitis, and monilia infection. Investigation of the 
patient’s hypocalcaemia subsequently disclosed low 
levels of parathormone on three occasions (70-140 
ng/l; normal= 130-380 ng/l). Thymic dependent lym- 
phocytes, however, were present and appeared to 
have normal function. A diagnosis of partial DiGeorge 
syndromet was made, and the child was eventually 
dismissed from hospital at 3 months of age. Mild con- 
gestive heart failure was controlled by digoxin, and 
serum calcium levels maintained by dihydrotachys- 
terol. The latter was discontinued after one year with- 
out recurrence of hypocalcaemia. 

A poor feeder throughout infancy, the baby suf- 
fered progressive dysphagia and was unable to take 
solid food at 14 months of age. Reinvestigation of his 
cardiovascular status at that time showed that the duc- 
tus arteriosus had closed and the shunt was patent 
(Fig. 1b). Systemic arterial saturation was 74%. On 
barium swallow, the oesophagus was compressed lat- 
erally and posteriorly, consistent with a vascular ring 
formed by the left aortic arch, aberrant right subcla- 
vian artery, and the right ligamentum arteriosum 
(Fig. 2). The patient subsequently underwent divi- 
sion of the ligamentum arteriosum and aberrant right 
subclavian artery through a right thoracotomy with 
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Fig. | Aortogram at 3 days of age (a) and selective injection into the origin of the left subclavian artery 14 months 
later (b). The catheter shows the position of the ascending aorta im the first investigation, with contrast opactfying 
the distal arch, the aberrant right subclavian artery, and the descending aorta. Confluent pulmonary arteries are 
supplied by a right-sided persistent ductus arteriosus which is stenosed at its mid-portion (arrow). 





r 





(a) 
AR 
Fig. 2. Barum swallow in oblique (a) and lateral (b) projections showing compression of the oesophagus by the 
vascular nng. 
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complete relief of his feeding problems. At 3% years 
of age, he now awaits correction of his pulmonary 
atresia and ventricular septal defect. 


Discussion 


Anomalies of the aortic arch are encountered not 
infrequently in palliative surgery for cyanotic congen- 
ital heart disease. Among 841 patients explored with a 
view to systemic-pulmonary anastamosis, Bahnson 
and Blalock observed 40 vascular rings, including 36 
instances of retro-oesophageal subclavian artery.5 The 
aberrant subclavian artery on either side can be used 
to perform a satisfactory Blalock-Taussig anas- 
tomosis, and the resulting complete vascular ring has 
not caused symptoms of tracheal or oesophageal com- 
pression.$ 7 When the anomaly is a double aortic arch, 
using the smaller arch for the shunt achieves simul- 
taneous palliation of cyanosis and division of the vas- 
cular ring.® ° In our patient, however, the pulmonary 
blood supply depended upon the integrity of the vas- 
cular ring, and the presence of a right-sided ductus 
precluded a Blalock-Taussig shunt on the side oppo- 
site to the aortic arch. With knowledge of the arch 
anatomy from preoperative angiography, it was poss- 
ible to plan the initial prosthetic shunt on the side of 
the aortic arch, and this permitted subsequent inter- 
ruption of the vascular ring when it became symp- 
tornatic. 

Embryologically, this anomaly can be explained by 
persistence of the right sixth arch as the ductus 
arteriosus and the right eighth dorsal aortic root as the 
aberrant subclavian artery, with regression of the left 
sixth arch and the right fourth arch.!? Factors that 
determine the side of the descending aorta are 
unknown but, it is of interest in this case, where the 
aorta remained on the left, that the retro-oesophageal 
portion of the subclavian artery was considerably 
larger than normal (Fig. la). Since the patient also 
had pulmonary atresia, it seems unlikely that the large 
segment resulted from preferential blood flow during 
development. Developmental anomalies of the third 
and fourth pharyngeal pouches are often associated 
with those of aortic arch derivatives, but this is 
thought to represent a response to a common 
teratogenic factor rather than a causal relation. !! 

The likelihood of compression symptoms occurring 
from this vascular anomaly is difficult to estimate. 
Among 14 patients reported with left aortic arch, 
right descending aorta, and right ligamentum 
arteriosum half suffered respiratory distress or feed- 
ing problems in infancy.!?!? Associated cardiac 
anomalies were common, but none required palliative 
surgery, and the vascular ring was treated on its own 
merits.2!^ In each case, the ligamentum or ductus 
arteriosus was divided through a right thoracotomy 
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rather than through the left-sided exposure used for 
most vascular rings. l 

Congenital heart disease as a presentation of the 
DiGeorge syndrome is well recognised and should be 
suspected in any infant with craniofacial stigmata and 
anomalies of the aortic arch.!!!5 The twitching 
episodes caused by hypocalcaemia in this patient were 
of little consequence; but sudden death during cardiac 
catheterisation or after correction of acidosis with alk- 
ali has been attributed to arrhythmias secondary to 
exacerbated hypocalcaemia.^ In the partial DiGeorge 
syndrome, patients may have considerable cell- 
mediated immunity and, despite profound hypocal- 
caemia in infancy, achieve remission permanently 
during early childhood. Since survival of such 
patients has now been seen into the third decade,!$ 
aggressive treatment of the cardiovascular anomalies 
appears to be justified. 
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Permanent right bundle-branch block heralded by 
intermittent block and ventricular extrasystoles 


A 13-year observation 


YOSHIO WATANABE, HISAHIRO KISHI 


From the Cardiovascular Institute, Fujita Gakuen Umversity School of Medicine, Toyoake, and Izu-Nirayama Hot 


Spring Hospital, Nirayama, Japan 


SUMMARY A patient is described in whom the occurrence of frequent ventricular extrasystoles of 
right ventricular origin and intermittent right bundle-branch block caused by interpolation of these 
extrasystoles heralded the slow development of permanent right bundle-branch block over a period 
of observation of 13 years. Such a clinical course suggested gradual progression of an organic lesion 
in the intraventricular conducting system. The différential diagnosis of intermittent bundle-branch 
block and aberrant intraventricular conduction, and possible mechanisms of ectopic impulse forma- 
tion in the presence of bundle-branch block are discussed. 


The dependence of intermittent and transient 
bundle-branch block on heart rate changes is well 
known, ? with the tachycardia-dependent variety 
more commonly seen than the bradycardia-dependent 
variety. The former is caused usually by sinus acceler- 
ation and rarely by other mechanisms. In contrast to 
aberrant conduction of supraventricular premature 
systoles, intermittent and transient bundle-branch 
blocks are thought to reflect pathological changes in 
the intraventricular conducting system,!^? but few 
reports have documented their transition to perma- 
nent bundle-branch block. In this communication, we 
report a case of intermittent right bundle-branch 
block caused by interpolated ventricular extrasys- 
toles, which slowly progressed to right bundle-branch 
block over 13 years of observation. 


Case report 


A 70-year-old man was admitted to the Izu-Nirayama 
Hot Spring Hospital on 25 October 1966, for rehabili- 
tation of a left hemiplegia resulting from an attack of 
cerebral thrombosis seven months earlier. He had no 
speech disturbance, was able to stand up using 
crutches, but was unable to walk. Cardiological 
examination was unremarkable except for a promi- 
nent aortic knuckle on the chest x-ray film. He was 
discharged in April 1967, but re-entered the hospital 
in August 1967 for further rehabilitation where he 
remained until May 1980, when he was transferred to 


another hospital for the treatment of a bladder 
tumour. While in hospital his blood pressure was 140 
to 180/70 to 90 mmHg. Serum electrolytes were nor- 
mal and blood urea nitrogen fluctuated between 5-7 
and 10-7 mmol/l (16 and 30 mg/100 ml). His choles- 
terol level was 6:5 to 7-8 mmol/l (250 to 300 mg/100 
ml) in the early years in hospital, with subsequent 
drop to 4-7 to 6-2 mmol/l (180 to 240 mg/100 ml). He 
never experienced anginal pain or congestive failure. 


ELECTROCARDIOGRAPHIC FINDINGS 

The electrocardiogram on his first admission showed 
normal sinus rhythm at a rate of 65/min, with a PR 
interval of 0-16 s and a QRS duration of 0-06 s. The 
QRS complex in lead I showed an R pattern, and the 
frontal QRS axis was +45°. No signs of ventricular 


' hypertrophy or ischaemia were noted. In April 1967, 


an Rs pattern appeared in lead I, with slight QRS 
widening (0-08 s) and a change in the axis to +20°. 
The QRS morphology in lead I changed back to R in 
March 1968, to Rs in November 1968, and again to R 
in December 1968. An rsR' pattern was never 
observed in lead V1 during this period. ST-T abnor- 
malities suggesting slight anterolateral wall ischaemia 
gradually developed in late 1968. On 11 December 
1968, he developed a fever of 39-3°C, with symptoms 
of acute bronchitis. An associated sinus tachycardia of 
130/min did not significantly alter intraventricular 
conduction. After January 1969, sinus bradycardia 
prevailed. When his rate rose transiéntly to 80/min on 
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Permanent RBBB heralded by intermittent RBBB 


18 November 1969, QRS duration. was increased to 
0-10 s, and incomplete right bundle-branch block was 
diagnosed for the first time, with an rsR’ pattern in 
V]. Thereafter, sinus bradycardia again persisted 
with normal intraventricular conduction. 

During October 1972, several atrial extrasystoles 
appeared with aberration of right bundle-branch 
block type. In July 1974, an interpolated ventricular 
extrasystole was first observed, its left bundle-branch 
block configuration suggesting a right ventricular 
origin.* 5 The following sinus beat had a prolonged 
PR interval, but a normal QRS. Electrocardiograms 
obtained in September and October showed similar 
ventricular extrasystoles with full compensatory 
pauses. When another interpolated extrasystole 
occurred in November 1974, the next sinus beat 
showed a right bundle-branch block configuration 
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(Fig. 1A). From this month to May 1975, repeated 
electrocardiograms almost always showed ventricular 
extrasystoles. Whenever they were interpolated, the 
following sinus beat showed right bundle-branch 
block, whereas no QRS changes occurred after 
extrasystoles with compensatory pauses. On 20 June 
1975, for the first time right bundle-branch block was 
present during sinus rhythm (60/min), with only the 
sinus beat following a compensatory pause showing a 
normal QRS (Fig. 1B). During the next two years, 
sinus beats showed either a normal QRS or right 
bundle-branch block—transient right bundle-branch 
block. When intraventricular conduction was normal 
during this period, an interpolated ventricular 
extrasystole was followed by one to seven sinus beats 
showing right bundle-branch block. On 27 February 
1976, the sinus beats in leads I, II, III, aVR, aVL, 








Fig. 1 In(A)(14/11/74), an interpolated ventricular extrasystole (beat 3 in both leads I and V 1) caused the appearance of a right 
bundle-branch block configuration tn the following sinus beat. In (B) (20/6/75), a right bundle-branch block pattern persisted during 
sinus rhythm, whereas the sinus beat terminating. the compensatory pause (beat 3 in V 1) after a ventricular extrasystole showed 
restoration of a normal ORS. In (C) (27/2/76), most sinus beats showed normal intraventricular conduction in lead I, where an 
interpolated ventricular extrasystole (beat 3) caused the appearance of right bundle-branch block in two subsequent sinus beats. 
Extrasystoles with compensatory pauses (beats 7 and 11) did not affect the following sinus ORS. In lead V1, right bundle-branch 
block persisted, and a ventricular extrasystole with a compensatory pause (beat 8) returned the QRS of the following sinus beat to 
normal. The sinus rate was slightly faster in V1 as compared with I. Note the almost identical ORS configuration of all the 


extrasystoles, with a left bundle-branch block pattern. 
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Fig.2 Heart rate and intraventricular conduction in all the electrocardiograms recorded during the 13 years. mth, month; y, year; 
VE, ventricular extrasystoles. A solid triangle under an arrow indicates the appearance of right bundle-branch block in sinus beat(s) 
following an interpolated extrasystole. An open circle under an arrow shows restoration of a normal ORS pattern in sinus beats 
following a ventricular extrasystole with a compensatory pause. Those arrows unaccompanied by symbols indicate either extrasystoles 
with a compensatory pause in the presence of normal intraventricular conduction or interpolated extrasystoles in the presence of right 
bundle-branch block in sinus rhythm, so that no alterations in ORS of the following sinus beats occurred. Note the continuous 
extrasystolic activity from July 1974 to Fune 1976. The increased heart rates between October 1977 and June 1978 were caused by a 
slightly higher body temperature after a fracture of the femur. Persistence of night bundle-branch block after re-establishment of sinus 


bradycardia suggests permanent blockage of the bundle. 


aVF, and V4, V5, V6 had a normal QRS, and interpo- 
lated ventricular extrasystoles produced right 
bundle-branch block in several following sinus beats, 
whereas an extrasystole with a compensatory pause in 
the presence of right bundle-branch block in leads 
V1, V2, and V3 restored the QRS to normal in one 
sinus beat (Fig. 1C). 


From July 1976, these ventricular extrasystoles. 


almost completely disappeared, and sinus beats occa- 
sionally showed transient right bundle-branch block. 
Finally, right bundle-branch block became perma- 
nent in June 1977, with all tracings in the subsequent 
three years showing this morphology. Fig. 2 summar- 
ises the entire course of these electrocardiographic 
abnormalities. 


Discussion 


The first noteworthy observation in this case is that 


the intermittent right bundle-branch block was 
caused by interpolated ventricular extrasystoles and 
not by the usual acceleration of sinus rhythm.!^? To 
the authors' knowledge, only one similar case has pre- 
viously been reported.? When the QRS of a supraven- 
trieular beat becomes abnormal upon a significant 
shortening of the cycle length, however, aberrant 
conduction must be differentiated. Based on earlier 
observations on aberrant conduction of atrial extrasys- 
toles,$ Watanabe and Nishimura’ proposed that the 
appearance of a bundle-branch block pattern in a sup- 
raventricular beat occurring later than the preceding 
U wave would favour the diagnosis of intermittent 
bundle-branch block. This is based on the premise 
that aberrant conduction results from physiological 
refractoriness of the intraventricular conducting sys- 
tem, whereas tachycardia-dependent bundle-branch 
block is caused by an abnormally prolonged refractory 
period in.a damaged bundle-branch.? Though the 


Permanent RBBB heralded by intermittent RBBB 


above criterion is thus arbitrary, its application to Fig. 
1 suggests intermittent Bene bundle-branch block as 
the likely diagnosis. 

Second, in the present case, a slow progressive 
development of right bundle-branch block was 
documented by continuous observation. The various 
stages included, first, the appearance of a right 
bundle-branch block pattern in one (to seven) sinus 
beat(s) following an interpolated ventricular extrasys- 
tole, secondly the restoration of a normal sinus QRS 
after an extrasystole with a compensatory pause in the 
presence of right bundle-branch block, and thirdly 
persistence of right bundle-branch block in all sinus 
beats regardless of the heart rate. Such a clinical 
course suggests progression of an organic lesion 
involving the right bundle-branch system. It is inter- 
esting to ask how long it took for the conduction dis- 
turbance to mature into permanent block. If the 
appearance of the right bundle-branch block pattern 
in the sinus beat after an interpolated ventricular 
extrasystole in November 1974 is considered the first 
sign of abnormal intraventricular conduction, two and 
a half years elapsed before the right bundle-branch 
block became permanent in June 1977. Conversely, if 
we assume that certain pathological changes in the 
right bundle-branch were already present in 
November 1969, when acceleration of sinus rhythm 
was associated with transient, incomplete right 
bundle-branch block, the process took more than 
seven and a half years. Since repeated electrocardio- 
graphic recordings during the intervening five years 
never showed sinus rates faster than 62/min, and since 
the first interpolated extrasystole in July 1974 did not 
alter the following sinus QRS, it is difficult to deter- 
mine which of the above two calculations is more 
accurate. Furthermore, it may be questioned whether 
the waxing and waning of the small s wave in lead I, 
beginning in April 1967, indicated a mild conduction 
disturbance in the right bundle-branch. 

The third peculiarity in the present case is that 
extrasystoles of right ventricular origin occurred fre- 
quently when the right bundle-branch block was 
intermittent or transient, whereas they disappeared 
entirely after the block became permanent. Watanabe 
et al.5 earlier reported that, in the presence of 
intraventricular conduction disorders, the incidence 
of ventricular extrasystoles was significantly increased 
and that those extrasystoles tended to arise from the 
areas of the blocked bundle or fascicle. These obser- 
vations suggested a close relation between the conduc- 
tion disturbance and ectopic impulse formation, and 
hence, the role of re-entry in the genesis of extrasys- 
toles. One may speculate, therefore, that in our pres- 
ent case, areas of unidirectional block and slow con- 
duction were present in the Purkinje system at the 
time conduction in the right bundle-branch was still 
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unstable. 

With reference to the occurrence of intermittent 
bundle-branch block associated with ventricular 
extrasystoles, Castellanos et al.? reported a case of 
pseudo-left bundle-branch block produced by a con- 
cealed premature beat. In their case, an ectopic 
impulse arising in the left bundle-branch apparently 
depolarised only part of this bundle, left refractory 
tissue, and blocked the conduction of the next sinus 
impulse therein. Conversely, as the ectopic impulse of 
right ventricular origin in our case produced a mani- 
fest QRS, the impulse must have depolarised the 
entire ventricular mass, and probably the left 
bundle-branch system as well (perhaps in a retrograde 
fashion). These two cases would thus carry different 
implications. The case reported by Tokunaga et al.? is 
also different from ours, as the interpolated ventricu- 
lar extrasystole had a right bundle-branch configura- 
tion (suggesting a left ventricular origin), which 
caused the appearance of right bundle-branch block 
in the following sinus beat. Here, the right bundle- 
branch may be the last tissue to be depolarised by, 
and to repolarise after, the extrasystole, thus readily 
blocking the sinus impulse which closely follows the 
extrasystole even when the refractory period in this 
bundle is not abnormally prolonged. 


Addendum 


After this paper was submitted for publication, it was 
learned that the patient died of renal failure resulting 
from a cancer of the urinary bladder, and associated 
left heart failure, in June 1981. All his electrocardio- 
grams during the last 13 months showed persistence 
of right bundle-branch block. 
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Severe subpulmonary obstruction caused by an 
aneurysmal tissue tag complicating an infundibular 
perimembranous ventricular septal defect 


M BONVICINI, G PIOVACCARI, F M PICCHIO 


From Istituto di Malattie dell’ Apparato Cardiovascolare del? Università degli Studi di Bologna, Italy 


SUMMARY A case of severe right ventricular obstruction caused by a huge aneurysmal tissue tag is 
described associated with a perimembranous ventricular septal defect with an infundibular exten- 


sion. 


Angiograms and surgical inspection clearly showed that the ventricular septal defect extended into 
the outlet septum. The distinctive feature of this case was the severity of the gradient related to the 
peculiar position of the aneurysmal tissue in the outlet portion of the ventricle. 

We presume that such an aneurysm, however small it is, developing in association with a ventricu- 
lar septal defect with an infundibular extension may be a potential cause of severe obstruction and 
should therefore be carefully followed in the ensuing years. 


Aneurysms of the membranous septum, consisting of 
a fibrous tissue tag, are commonly found in patients 
with a ventricular septal defect and their appearance 
usually precedes a diminution or even spontaneous 
closure of the ventricular septal defect.!? Right ven- 
tricular outflow tract obstruction, usually not very 
severe, is one of the rare complications described in 
association with an aneurysm of the membranous sep- 
tum. 

The purpose of this communication is to present a 
case of a huge fibrous tissue tag associated with a 
perimembranous ventricular septal defect extending 
into the infundibular region and causing severe right 
ventricular outflow tract obstruction, which was 
observed 26 years after the first cardiac catheterisa- 
tion. 


Case report 


A 36-year-old man known to have a heart murmur 
from the age of 6 months underwent cardiac catheter- 
isation with angiocardiography at'13 years of age 
(1957), which showed a gradient of 30 mmHg bet- 
ween the right ventricle and pulmonary artery, but no 
left-to-right shunt at ventricular level. At right ven- 
triculography a subpulmonary diaphragm was sus- 
pected. No left sided angiography was performed. At 
31 years of age cardiac catheterisation was again per- 
formed because of increased right ventricular hyper- 


trophy on the electrocardiographic examination, 
which showed a  "transvalvular" gradient of 
80 mmHg. A diagnosis of pulmonary stenosis was 
made, and the patient refused cardiac surgery. 

Five years later he was sent to our institution 
because of the appearance of exertional dyspnoea. On 
examination the following signs were found: an “a” 
wave on the jugular pulse, a systolic thrill at the left 
sternal border, and a grade 4/6 pansystolic murmur, 
with a crescendo/decrescendo configuration. 

The electrocardiogram showed severe right ven- 
tricular hypertrophy with strain. À gradient of 
105 mmHg across the outflow tract of the right ven- 
tricle without any left-to-right shunt was shown at 
cardiac catheterisation. 

Right and left ventricular injections showed a huge 
septal aneurysm bulging into the right ventricular 
outflow tract (Fig. 1). Post-stenotic dilatation of the 
pulmonary infundibulum was also found. During 
surgery the right ventricle and the infundibular sep- 
tum were seen to be hypertrophic, but the free 
anterior wall of the infundibulum was thin and 
dilated. There was a huge fibrous tissue tag anterior 
and superior to the anteroseptal leaflet of the tricuspid 
valve (Fig. 2). Two small defects were found at the 
apex of the aneurysm. An incision made between 
these two defects showed a perimembranous ventricu- 
lar septal defect with an infundibular extension, 
1-5 cm in diameter. 
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Fig. 1 Left ventricular injection in long axial projection (A) 
and right anterior oblique (B). A huge aneurysmal nssue tag 
bulges into the nght ventricular outflow tract (double arrows). A 
prolapse of the posterior leaflet of the mitral valve (single arrow) 
1s also present. 


The ventricular septal defect was closed by suturing 
a "teflon" patch at the muscular base of the defect, 
thus reinforcing the extra aneurysmal tissue. An 
outflow patch was also placed. The peak systolic pres- 
sure in the right ventricle and pulmonary artery was 
35 mmHg at the end of this procedure. 


Discussion 


It is well known that a ventricular septal defect in the 
membranous septal area may be reduced or even 
closed by a frequently associated fibrous tissue tag 
resulting from fibrin proliferation and/or an adhesion 
of tricuspid valve tissue to the edges of the defect. '^* 
Bacterial endocarditis, intracavity thrombus forma- 
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uon with systemic emboli, conduction and rhythm 
disturbances, tricuspid regurgitauon, and right ven- 
tricular outflow tract obstruction are rare complica- 
tions of an aneurysm of the membranous septum. ' 

Although every perimembranous ventricular septa! 
defect can develop an aneurysm, this event is more 
frequently found in the ones that extend into the inlet 
or trabecular septum because of their proximity to the 
tricuspid septal leaflet. 

The diagnosis of an aneurysm of the membranous 
septum can be detected by using elongated angio- 
graphic projections of the left ventricle,^ but now it 
can also be diagnosed by the use of two dimensional 
echocardiography. ’ 

A prolapsed aortic valve leaflet in a supracristal ven- 
tricular septal defect, however, has echocardiographic 
appearances similar to those of an aneurysm of the 
membranous septum and should therefore be care- 
fully ruled out." 

In our case the ventricular septal defect, as recently 
proposed,^ can be classihed as perimembranous, 
extending into the infundibulum. In these particular 
types of defect the interventricular portion of the 
membranous septum is deficient and the defect 
extends anteriorly towards the infundibular septum. 

It is easy to understand how an aneurysmal tissue 
tag which occludes an infundibular perimembranous 
ventricular septal defect can cause right ventricular 
outflow obstruction, quite possibly severe, if, as we 
have shown, the aneurysmal dimension is large. 

The pauent we have described shows how the 
development and severity of right ventricular outflow 
obstruction can be the result of a progressive growth 
of aneurysmal tissue in this peculiar position. Having 
reviewed the reported cases of an aneurysm of the 
membranous septum associated with right ventricular 
outflow tract obstruction, we suspect that the 
perimembranous ventricular septal defect had an 
infundibular extension, at least in the majority of 
these cases. 

In a case previously reported? of a 12-vear-old 
patient, the gradient was 20 mmHg, which was 
approximately the same as the gradient found in the 
first haemodynamic study of our patient at a similar 
age. In another observation,'" the infundibular gra- 
dient was 60 mmHg whereas in the second study of 
our case the gradient was 80 mmHg (the ages of both 
cases were again similar). This, we believe, supports 
our hypothesis that the obstruction not only develops 
from an associated infundibular hypertrophy but also 
from the increase in the size of the aneurysm. 

In conclusion, we think that every time a transin 
fundibular gradient, however small it may be, is 
recorded in a ventricular septal defect with an aneur 
ysm of the membranous septum, the existence of a 
perimembranous defect with an infundibular exten- 
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sion should be suspected. If, either with the use of 
elongated angiographic projections or with two 
dimensional echocardiography, this suspicion is 
confirmed, we think that these patients should be 
carefully followed for the possible development of 
right ventricular outflow tract obstruction. 


We wish to thank Professor A Pierangeli and Dr P 
Mikus of the Cattedra di Chirurgia del Cuore e dei 
Grossi Vasi dell'Università di Bologna who performed 
the operation on this patient. 
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Notices 


Br Heart ¥ 1982; 48: 192 


British Cardiac Society 


The Autumn Meeting will take place at Wembley on 6 
and 7 December 1982 and the closing date for receipt 
of abstracts is 11 August 1982. 

The Annual General Meeting for 1983 will take 
place in Bristol on 12 and 13 April, and the closing 
date for abstracts will be 4 January 1983. 

The Autumn Meeting will be held at Wembley on 
21 and 22 November 1983, and the closing date for 
abstracts will be 28 July 1983. 


International conference on cardiac arrest and 
resuscitation 


This conference, sponsored by the British Heart 
Foundation in association with the Community 
Resuscitation Advisory Council, BASICS, and the 
Royal Postgraduate Medical School, Hammersmith, 
wil be held in Brighton on 19 to 21 October 1982. 
Inquiries to: Conference Services Limited, 3 Bute 
Street, London SW7 3EY. 


Subacute bacterial endocarditis 


A survey is currently being carried out by the British 
Cardiac Society and the Medical Services Study 
Group of the Royal College of Physicians. Though 
improvement of dental prophylaxis is one objective, 
the survey is already yielding other valuable informa- 
tion. It is hoped that proformas will be received in 
respect of a high proportion of patients with subacute 
bacterial endocarditis in the British Isles seen during 
1981 and 1982 and readers are asked to arrange for 
them to be submitted in respect of any cases that come 
to their notice. Proformas can be obtained from Sir 
Cyril Clarke, Medical Services Study Group, King's 
Fund Centre, 126 Albert Street, London NW1 7NF 
(tel. 01-267 6111, ext. 263) to whom they should be 
returned. 


Erratum 


The authors (Bainton et al) regret that in redrafting 
their summary (Br Heart 7 1982; 47: 483) the second 
line of the fifth paragraph had “... serum high 
density lipoprotein cholesterol". This should have 
read "serum low density lipoprotein cholesterol". 
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The portable battery operated 


Defibrillator 


Weighing less than four kilos this unit is one of the smallest in the 
world. It has a capacity of 40 shocks of 400 Joules from fully charged 
batteries with a charge time of less than 10 seconds. 


This and other Cardiac Recorders 
equipment is exhibited 
permanently at the Western 
Centre, 26, New Cavendish 
Street, London W1M 7LH. 
Telephone: 01-935 2287. 


For further information write or call: 


CARDIAC RECORDERS 


x, LIMITED 34 Scarborough Rd. 
W London N4 4LU. Tel: 01-272 9212/7 
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History of atrial fibrillation 1628-1819 


_ Harvey — de Senac - Laënnec 


. JOHN McMICHAEL 


From The Wellcome Institute for the History of Medicine, London 


SUMMARY For two centuries after Harvey the arterial pulse was often regarded as independent of the 
heart beat. This misunderstanding was mainly because of the frequent failure of the irregular heart . 
to elicit a radial pulse: the “pulse deficit" of later times. 

Harvey observed ineffective palpitation of the atrium just before death. This was probably atrial 


. -~ fibrillation. He established the origin of the heart beat in the right atrium. 


Harvey's observations were confirmed and extended by de Senac in the mid-eighteenth century. 
He correlated gross irregularities (palpitation) with necropsy observation of mitral valve disease and 
dilatation of the left ventricle. He emphasised the origin of the heart's irregularity from the dis- 
tended atrium consequent on distension or reflux of blood irritating the atrial wall. 

He also commented on disconcerted action and rippling of the ventricular wall before final 
cessation of movement in a dying heart (ventricular fibrillation). 

De Senac's ideas were a century and a half ahead of his time. 


The problem of the pulse 
In Chapter 3 of De motu cordis (Franklin’s translation, 
1957)! are laid out the logical reasons by which Har- 
vey comes to the conclusion: 
there is just the one cause of arterial pulsation 
throughout the body, and that is contraction of the 
left ventricle. The pulsation of the artery-like vein 
(pulmonary artery) is similarly related to the con- 
traction of the right ventricle . . . . In correspon- 
dence with the tension of the heart the arterial 
pulsations become larger, more forcible, frequent, 
rapid, while preserving the rhythm, volume and 
order of the heartbeat . . . . For the pulse of the 
arteries is nothing save the impulse of the blood 
entering these vessels. 
This clear understanding had to wait nearly 200 years 
for further application in the precise study of cardiol- 
ogy. It was debated, and often misunderstood by 
practitioners of medicine, and indeed Abercromby 
(1685) in a book on the pulse,? said: “Its source is as 
mysterious as the source of the Nile". 

The belief, held by many, that arteries had an 
inherent movement of their own was even supported 
by Laénnec (1819). In discussing “intermission of the 
pulsation of the heart", he noted variations in the 
heart's contractions with or without a palpable pulse 
and commented as follows: 
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Many considerations prove that the mere examina- 
tion of the pulse is insufficient to inform us of the 
state of the circulation and must often lead us into 
error . 

After what has been said and after its general 
uncertainty avowed by the most experienced prac- 
titioners it may seem surprising that the practice of 
feeling the pulse has been so generally followed in 
all ages. The reason for this practice is, however, 
sufficiently obvious. It is easy of performance and 
gives little inconvenience either to the physician or 
to the patient . . . . The facts above stated relative 
to the discordance existing between the pulsation 
of the heart and of the arteries, more especially as 
to strength, are contrary to the more general opin- 
ion of modern physiologists who consider the 
action of the arteries as entirely dependent on that 
of the heart. Bichàt himself has fallen into this 
error. 

(Laénnec, Forbes’ translation, 1821).? 
Marie Francois Bichat (1771-1802) was the disting- 
uished anatomist to the Hétel Dieu, whose observa- 
tions were much quoted by Laénnec. Bichat prom- 
oted the study of tissues and membranes before the 
era of the microscope. Thus the “pulse deficit” of 


atrial fibrillation seems to have contributed to the cen- 


turies long failure of the profession to accept Harvey's 
firm demonstration that the beating heart created the 
pulse. Sometimes the beat was too weak to be felt at 
the radial artery. 
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Origin of the heart beat 


Harvey's meticulous observations (chapter 4, Frank- 
lin's translation!) had already established that the 
heart beat was initiated in the atria, and the right 
atrium in particular. From his many direct observa- 
tions on the heart in animals, fishes, frogs, eels, birds, 
and domestic animals, Harvey gives the following 
account: 


The movement is seen to begin from the auricles 
and to pass on to the ventricles. With everything 
becoming more sluggish as the heart lies dying, 
and also in fishes and the colder blooded animals, 
these two movements become separated by an 
interval of inactivity . . . . Finally as it. sinks to 
death (the ventricle) ceases to reply with a proper 
movement to the pulsating auricle. The heart (i.e. 
ventricle) ceases to beat before the auricles so that 
the auricles may be said to outlive it . . . . With all 
the other parts inactive and dead the right auricle 
goes on beating so that life appears to linger 
longest in this auricle . . . . If at this time you cut 
the apex of the heart with a pair of scissors you will 
see blood flow out from the wound with each beat 
of the auricle. You will thus realize that the blood 
gets into the ventricle not through any pull exerted 
by the distended heart but through the driving 
force exerted by the beat of the auricles. 


Harvey continued: 
But I...have noticed, that after the heart 
proper, and even the right auricle were ceasing to 
beat and appeared on the point of death, an obs- 
cure movement, undulation/palpitation had clearly 
continued in the right auricular blood itself for as 
long as the blood was perceptibly imbued with 
warmth and spirit. 

Harvey must thus be credited with the first direct 

observation of a fibrillating atrium. 

Richard Lower (1631-1691) began as research 
assistant to Thomas Willis and was introduced into 
the Royal Society by Boyle. He was the best English 
physiologist after Harvey and later practised medicine 
in London. He showed that blood changed colour to 
bright red in passage through the lungs and that 
asphyxia prevented this. He laid down in his Tractatus 
de Corde (1669, p. 75),* “The heart is definitely a 
muscle and has movement exactly similar to other 
muscles. It receives spirits from the abundance of 
nerves which are inserted into it". 

Vital spirits from the nervous system were sup- 
posed to animate the nerves. The idea of nervous 
origin of the heart beat was to persist for another two 
centuries. —— 


De Senac's critical analysis 


In the mid eighteenth century a new dimension of 
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analysis was added by de Senac (Fig) whose views 
were much in advance of his time. He built his 
physiological ideas on the basis of Harvey and Lower, 
repeating their experiments and applying critical 
analytical thought. 

Jean-Baptiste de Senac (1693-1770), MD Montpel- 
lier, became physician to Louis XV and also became a 
Councillor of State. In 1749 his Traité de la Structure 
du Coeur de son action et de ses maladies (S) was pub- 
lished and a second edition appeared in 1774.5 This is 
the first textbook on cardiology. Volume I contains . 
the most detailed account of the anatomy of the heart ` 
in adult and in fetal life and, the problems of its 
physiology are considered thoroughly in Volume II. 
He also published a more concise Traité des Maladies 
du Coeur (M) in two editions (1774-1783). It is from 
the second edition and second volume of S and M 
(*structure" and maladies") that. the following 
extracts are made. The posthumous editions were 
guided through the press by Baron Antoine Portal, 
but the text had been revised by the author. 

De Senac confirmed Harvey (S, p. 149) that in the 
heart of a dog dying after severing an artery, beating 
persists longest in the right atrium and also in the 
termination of the vena cava. Thus the ultimum 
moriens part of the heart was confirmed in the sino- 
atrial region. 

Although de Senac built on the ideas of Richard 
Lower that the heart was innervated like other mus- 
cles, he asked many difficult questions: why can the 
heart contract after death? (S, p. 102). Cut the nerves 
and the heart does not stop? de Senac established 
irritability of the heart. Touching the heart may make 
it contract even more strongly. It will contract in 
response to internal pressure: compare the intestines. 
He was mystified by the visible contraction of the 
non-innervated embryo heart of the chick, which he 
thought might be the result of some still unknown 
agency. The debate about nervous control of the heart 
beat continued for another century and a half. 

Just as Harvey had seen fibrillation of the atria in a 
dying heart, de Senac gave a description of terminal 
fibrillation of the ventricles (S, p. 151): 


Before these parts (of the heart) lose their action 
the harmony of their movements is disconcerted: 
there is neither order nor regular succes- 
sion .... When their (muscle) mass no longer 
' makes any effort their fibres are still agitated. They 
form oblique ripples and there is seen, according 
to Pechlin, an undulation of many varieties moving 
from the base to the apex in a spiral form following 
no doubt the direction of the superficial fibres. 


Johannis Nicolai Pechlin (1646-1706) observed death 
in an open chest wound (Historia Vulneris Thoracici, 
16835). Born in Holland, he practised in Kiel. 
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Fig Jean Baptiste de Senac (1693—1770), Courtesy of the Wellcome Trustees. 


Clinico-pathological correlations fessor of Theoretical Medicine at Padua from 1720 
until his death. He published his book on The Seats 

and Causes of Diseases investigated by Anatomy in 1761. 

This established a pattern of observation by which the 
clinical manifestations of disease might be better 


When he turned his attention to clinical abnormalities 
of the heart, de Senac was linking his observations 
with pathological anatomy in the same way as Mor- 
gagni, his slightly older contemporary. understood. 

Giovanni Battista Morgagni (1682-1771), was Pro- De Senac devoted much attention to palpitation 
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and his necropsy correlations are best described in his 
Traité des Maladies du Coeur.? He emphasised mitral 
valve disease in the causation of palpitation. His mor- 
bid anatomical observations are precise. Under “The 
particular and proximate causes of palpitation are in 
the heart or in the vessels’: 
Cardiac causes are disorders of its very substance 
or of the valves. In one word obstacles which retain 
the blood in the ventricles and which under con- 
tinuous pressure irritate the heart fibres causing 
stronger contractions. Reflux of blood into the 
auricles causes contractions of greater force, neces- 
sarily precipitating palpitations. When the obsta- 
cles in the heart obstruct the entrance to the ven- 
tricles, blood accumulates in the cavities of the 
auricles and irritates the fibres of their walls. Their 
contractions become more lively. (M, p. 7—9). 

De Senac quotes a case with irregularity of the heart 
where the tricuspid valve was “narrowed” in the same 
manner as that described by Vieussens in the mitral 
valve (M, p. 9). He gives another description of nec- 
ropsy in which “the tricuspid valve was narrowed and 
cartilaginous” and “the mitral valve was narrowed, 
stuck down to the inner surface of the ventricle and 
adherent to its walls. The chordae tendineae were 
shortened, rendering the cusps immobile" (M, p. 10). 
This is a precise description of a “funnel” stenosis and 
regurgitation of the mitral valve. Then he goes on: 

Dilatation of the ventricles may also cause palpita- 
tions. This results from obstruction of the exit of 
blood which distends the ventricles which thus 
contract strongly causing more violent reflux into 
the auricles. (M, p. 11) 
These repeated references to distension of the atria 
and the precipitation of contractions by pressure of 
the accumulating blood were somewhat prophetic of 
the ideas developing in the early nineteenth century 
when the irregular pulse of atrial fibrillation was usu- 
ally regarded as a diagnostic sign of mitral stenosis, 
which was indeed its commonest cause. De Senac's 
observations had, however, also related the irregular- 
ity to enlargement of the ventricles as well. But even 
bere he comes back to the effect of ventricular dilata- 
tion on reflux of blood into the atria. 

In his discussion of palpitation in general, de 
Senac's remarks are full of observational clinical wis- 
dom: 

Palpitations consist of beats which are either more 
active and more frequent, such as occur in fever or 
in any action demanding effort, and even mental 
agitation. But these are not illnesses by themselves 
and do not leave any sequential damage. When the 
body settles down to rest the heart resumes its 
normal beat. (M, p. 2). 
He concluded that the nerves of the heart were impor- 
tant in the precipitation of palpitation: 
There are, however, palpitations which are lively, 
and irregular beats agitate the heart. The com- 
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plaint is produced by various fortuitous events and 
often appearing without any obvious cause, settl- 
ing down with rest, but possibly recurring. We 
only define as palpitations beats which are lively, 
irregular, agitate the heart and form a veritable 
malady of the beat of the heart . . . continuing 
during rest... . (M, p. 2). 

When the palpitations are irregular they form a 
veritable malady of the beat of the heart acting on 
the great arteries. The primary cause of the disor- 
der is an irritation . . . of the tissues of the heart 
and a reflux of blood which is directed against the 
auricles with more violence . . . . The irritation is 
followed by contraction of the muscle and the grea- 
ter the force of the ventricles the more the 
reflux... . (M, p. 5. 

The reflux — the heart or disturbs its 
action. (M, p. 6 

If the auricles are strained and increased in vol- 
ume they cause palpitations . . . . On exercise too 
much blood arrives at the sinus of the vena ca- 
va...its walls are irritated by the overload of 
blood which is driven more forcibly to the right 
ventricle and its action becomes more lively: hence 
a reflux which is still more violent and beats in 

‘response to this reflux. One sees the same effects 

when the auricles are abnormally dilated . . . their 
walls are more irritable and they act more actively 
on the ventricles. (M, p. 12-13). 

In the case of the funnel valve described above, 
The ventricles send a violent reflux into the auri- 
cles. Distension of the walls of the heart makes 
palpitations inevitable. (M, p. 11). 

In dealing with palpitation he points out that 
irregularities can be precipitated by distension of the 
stomach, which could be relieved by the use of vari- 
ous carminatives, and he noticed that the remedy 
whose effects have appeared to be the most constant 
and the most prompt in many cases is quinine mixed 
with a little rhubarb. “Long and rebellious palpita- 
tions have ceded to this febrifuge, seconded with a 
light purgative”. This is quoted by Willius and Keys? 
from his first edition of 1749, and is prophetic of the 
current rational use of quinidine first observed and 
noted by an astute physician. De Senac's other deep 
insights have had little mention in medical historical 
texts. 

De Senac's remarkable insights into the correla- 
tions of mitral disease with gross pulse irregularities 
were based on his own observations on cardiac muscle 
irritability and the atrial origin of the heart beat as 
established by William Harvey and expanded by de 
Senac's own meticulous observations. He stood firm 
on the atrial origin of the heart beat as established by 
Wiliam Harvey. Like Harvey he also put much 
emphasis on the development of rippling movements 
in the dying chambers of the heart atria and also ven- 
tricles. These are probably the earliest experimental 
observations of fibrillation. He commented, however 
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(S, p. 52), that “the causes of palpitation are not the 
causes of the natural heart-beat", thereby hinting at 
their ectopic origin. 

De Senac advanced understanding to its very limits 
in his day in exemplary observation and deep critical 
thought. He also commented on the speculative writ- 
ings of others: “Rien n'est plus rare que l'exactitude 
d'observation" (M, p. 8). 


Note: The author is responsible for the selection of 
quotations and translation. 


The expenses of this research were defrayed by a 
grant from the Royal Society for the History of Sci- 
ence. 
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Cardiac arrhythmias in hypertrophic cardiomyopathy 


INGVAR BJARNASON, THORDUR HARDARSON, STEFAN JONSSON 
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SUMMARY This study was designed to assess the prevalence of cardiac arrhythmias in a group of 
relatives of patients who had come to necropsy with hypertrophic cardiomyopathy. Another aim of 
the study was to assess the validity of an interventricular septal thickness of 1-3 cm or more, 
measured by echocardiography, as a diagnostic criterion of hypertrophic cardiomyopathy among 
relatives of cases proven at necropsy. Fifty close relatives of eight deceased patients were examined. 
By the above definition 22 relatives had hypertrophic cardiomyopathy and 28 did not. A comparison 
of the prevalence and types of cardiac arrhythmias, as shown by 24 hour ambulatory electrocardio- 
graphic monitoring, was made between the two groups and a third apparently healthy group of 40 
people. The patients with hypertrophic cardiomyopathy showed a significant increase in supraven- 
tricular extrasystoles/24 hours, supraventricular arrhythmias, high grade ventricular arrhythmia, 
and the number of patients with more than 10 ventricular extrasystoles every 24 hours when 
compared with the other groups. There was no significant difference between normal relatives and 
controls. The prevalence and types of arrhythmia in these patients were similar to those found by 
other investigators using different diagnostic criteria. These results support the contention that 
these patients do indeed have hypertrophic cardiomyopathy and suggest that all close relatives of 
necropsy proven cases should be examined by echocardiography and subsequently by ambulatory 


electrocardiographic monitoring if the interventricular septal thickness is 1:3 or more. 


Patients with hypertrophic cardiomyopathy fre- 
quently die suddenly and unexpectedly, presumably 
from cardiac arrhythmias.!^? In a recent Icelandic 
study the inheritance pattern of hypertrophic car- 
diomyopathy was described. The diagnosis was 
based on inordinate interventricular septal thickening 
(21-3 cm). Most of the patients had no symptoms, 
and were only identified after necropsy findings sug- 
gesting hypertrophic cardiomyopathy in a close rela- 
tive. No single echocardiographic marker, however, is 
pathognomic for hypertrophic cardiomyopathy.5 7? It 
has been suggested that an interventricular septal 
thickness cut-off point at 1-3 cm may be both too 
sensitive and non-specific as a diagnostic crite- 
rion,8~ 19 

To study the validity of this echocardiographic 
criterion we have compared the prevalence and types 
of cardiac arrhythmias in the group of relatives who 
had an interventricular septal thicknéss of 1-3 cm or 
more in relation to those relatives whose septum was 
thinner than 1-3 cm. 


Patients and methods 
Our previous study included 58 close relatives of eight 
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patients (out of a total of 11) who had necropsy 
criteria of hypertrophic cardiomyopathy in Iceland 
during the years 1966 to 1977.4 The eight index 
patients were male patients and all died suddenly 
from cardiac causes except one who died in an acci- 
dent.!! Their average age at the time of death was 29 
years (3 months to 47 years) and only two had had 
symptoms previously. 
Twenty-three relatives had  echocardiographic 
criteria (271-3 cm) of hypertrophic cardiomyopathy. 
Of these, 22 were investigated by 24 hour electrocar- 
diographic monitoring: 16 men (12 first degree and 
four second degree relatives of deceased patients) and 
six women (five first degree and one second degree). 
Their average age was 50 years (18 to 83 years). 
Table | shows their sex, age, symptomatic status, 
electrocardiogram, and echocardiographic findings 
and cardiac arrhythmias. Nineteen were in New York 
Heart Association!? class I, two were in class III, and 
one in class IV. A male patient in class III complained 
of dyspnoea and dizziness on mild exercise. A woman, 
previously thought to have ischaemic heart disease, 
complained of angina pectoris and shortness of 
breath. She had a typical systolic anterior motion of 
the mitral valve as well as interventricular septal 
thickening. A woman in class IV had a long history of 
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Tablel Summary of clinical, electrocardiographic, echocardiographic, and 24 hour ambulatory electrocardiographic findings in 22 


patients with hypertrophic cardiomyopathy 





Case Sex Age Symptomatic — Electrocardiographic | Echocardiographic findings (cm) Rhythm disturbances No. of ventricular 
No. (y) status 12 findingst nn  extrasystoles 
IVS LVPW IVSILVPW Arial Ventricular 
I M 83 I AF 2:4 1-4 1-7 AF I 4 
2 M 82 I I° AVB 1-5 0-8 1-8 PAF III 93 
3 M 71 I LVH 1:4 1-2 1-2 PAF IVB 8608 
4 M* 70 I LVH 1-4 1:5 1-0 IVB 116 
5 F 67 III LVH,Q I? AVB 225 11l 2-0 SVT IVA 42 
6 F 64 IV 1:5 1-2 1-25 SVT III 312 
7 F 63 I LVH,Q 175 10 1-75 SVT III 641 
8 F 61 I L5 1-0 1-5 HI 23 
9 M 60 I 1-4 1-3 LI I 2 
10 M 58 HI LVH 1-3 1-0 1-3 I 7 
11 M* 55 I LVH 2.0 1-2 1-7 SVT I 87 
12 M 53 I ICD 1-8 1-1 1-7 IV B 483 
13 F* 51 I DI AVB 1:4 1-0 1-4 III 9 
14 F 47 I LVH,Q 1-6 1-0 1-6 Ill 122 
15 M 45 I Left atrial abnormality 1-6 0.8 2-0 I 9 
16 M 3] I LVH 1-4 1-0 1-4 SVT 0 0 
17 M 26 I 1:5 1-2 1-25 III 15 
18 M* 25 I LVH 1-3 1-0 1:3 I I 
19 M 24 I LVH 1-5 1-4 l-l III 20 
20 M 23 I LVH 1-5 0-9 1-7 0 0 
21 M* 20 I LVH 1-5 1-3 1-2 IVA 8 
22 M 18 I LVH 1-4 0-9 1-6 III 7 





*Second degree relatives of patients who died with hypertrophic cardiomyopathy and came to necropsy, otherwise first degree relatives. 


+Classifications of Ryan et al, !$ 


AF, atrial fibrillation: I* AVB, first degree atrioventricular block; ICD, intraventricular conduction defect; IVS, interventricular septum; 
LVH, left ventricular hypertrophy; LVPW, left ventricular posterior wall; PAF, paroxysmal atrial fibrillation; Q, abnormal Q waves; SVT, 


supraventricular tachycardia. 


tiredness. She had a cardiac catheterisation in 1980 
showing normal coronary arteries. 

A 12 lead electrocardiogram showed left ventricular 
hypertrophy in 14 (6496) patients, using Romhilt- 
Estes? and/or Sokoloffs criteria.!'* Three had 
abnormal Q waves,!^ three had a long PR interval 
(20-20 s), one had an interventricular conduction 
delay,!^ and one had an enlarged left atrium.!5 Only 
one patient had a rhythm disturbance on a conven- 
tional electrocardiogram (atrial fibrillation). Another 
patient in sinus rhythm had had atrial fibrillation ear- 
lier. He was being treated with quinidine. 

Twenty eight close relatives of deceased patients 
with hypertrophic cardiomyopathy had normal 
echocardiographic findings (interventricular septal 
thickness «1:3 cm): nine men (four of them second 
degree) and 19 women (two second degree). Their 
average age was 39 years (10 to 82 years). None of 
these had any signs or symptoms of heart or lung 
disease, and their electrocardiograms were normal. 

A further control group was composed of 20 men 
and 20 women, all hospital employees. None of them 
had symptoms suggesting cardiac or pulmonary dis- 
ease. In all, physical examination was normal and 
their electrocardiograms and  echocardiographic 
examinations did not disclose any abnormalities. 
Their interventricular thicknesses were 1-2 cm or 
less. 

In all three groups, ambulatory 24 hour electrocar- 


diographic recordings were performed, using one- 
channel Oxford Medilog recorders. All subjects were 
instructed to record their activities and complaints at 
least hourly during waking hours. A Reynolds High 
Speed Pathfinder machine was used for arrhythmia 
analysis. The same physician (IB) analysed and 
classified all the recordings. 

Ventricular arrhythmias were classified according 
to Ryan et al.!9 (Table 2). Unless otherwise stated, 
Fisher's exact test for 2X2 tables was used to assess 
statistical significance. 


Results 


Fig. 1 shows the total number of supraventricular 
extrasystoles during 24 hours in patients with hyper- 
trophic cardiomyopathy, in their relatives, and in the 
control group. Seven patients with hypertrophic car- 


Table 2 Grading of ventricular extrasystoles (VE) of Ryan 
et al.!$ 


Class Character of ventricular arrhythmia 

0 No VE/24 h 

I Occasional <30/h 

II Frequent >30/h 

III Multiform 

IVA Couplets (two consecutive VE) 

IV Ventricular tachycardia (three or more 


consecutive VE) 


200 


400 


o 


350 


100 


90 


Supraventricular extrasystoles/24 hours 


710 





Fig. 1 Number of supraventricular premature beats during 24 
hour ambulatory electrocardiographic monitoring in an 
apparently healthy control group, in relatives without 
hypertrophic cardiomyopathy, and in 21 patients with 
hypertrophic cardiomyopathy. 

TOne patient with atrial fibrillation excluded. 

Open circles indicate second degree relatives of patients who died 
with hypertrophic cardiomyopathy and came to necropsy, closed 
circles first degree relatives. 
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diomyopathy had 50 or more extrasystoles, but only 
one in the control group and none in the group of 
relatives. The number of patients with car- 
diomyopathy who had more than 50 supraventricular 
extrasystoles was significantly greater than in the 
other two groups (p« 0-02). 

Two control subjects and one relative had episodes 
of supraventricular arrhythmia as compared with 
eight in the group with hyprtrophic cardiomyopathy 
(p«0-003). Two had paroxysms of atrial fibrillation 
and five had supraventricular tachycardia, each 
episode lasting less than 10 seconds. One patient had 
constant atrial fibrillation. He had several RR inter- 
vals lasting up to three seconds (Fig. 2). Six out of 
eight patients with supraventricular arrhythmias were 
over 60 years of age, compared with two out of 14 
under 60 years of age (p«0-01). 

Fig.3 shows the classification of ventricular 
arrhythmias. Fourteen (6496) of the patients with 
hypertrophic cardiomyopathy were in classes III and 
IV. Three of them had episodes of ventricular 
tachycardia (Fig. 4), in each case lasting less than 
three seconds (nine beats). Six patients were in class 1 
and only two had no ventricular arrhythmias. In the 
control group, one subject was in class III and one in 
class IVA. Sixteen were in class I, however, and 22 
(5596) had no ventricular arrhythmia. In the group of 
relatives two subjects were in class II, nine in class I, 
and 17 (6196) had no ventricular arrhythmias. The 
occurrence of high grade arrythmia (III or higher) was 
significantly more common (p<0-0001) in the group 
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Fig. 2 A strip from an ambulatory electrocardiographic recording of a patient with esta 
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Fig. 3 Prevalence of ventricular premature depolarisation 
grade during 24 hour ambulatory electrocardiographic recording. 
in an apparently healthy control group, in relatives without 
hypertrophic cardiomyopathy, and in 22 patients with 
hypertrophic cardiomyopathy. 
Symbols as in Fig. 1. 
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Fig. 4 A strip from an amb 
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with hypertrophic cardiomyopathy compared with 
normal relatives or control subjects. There was no 
significant difference between normal relatives and 
control subjects. 

Muluple regression techniques did not show a 
statistically significant relation between the grade of 
arrhythmia and age or interventricular septal thick- 
ness. 

Fig. 5 shows the relation between the ventricular 
arrhythmia classification and the total number of ven- 
tricular extrasystoles during 24 hours. Twelve (55%) 
patients with hypertrophic cardiomyopathy had more 
than 10 ventricular extrasystoles in 24 hours but only 
four (10%) out of the control group and two (7%) in 
the group of relatives. The cardiomyopathy group dif- 
fered significantly from the others in this respect 
(p<0-001) while there was no difference between 
normal relatives and control subjects. The number of 
subjects with 100 or more ventricular extrasystoles 
every 24 hours, however, did not differ significantly 
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Grade of arrhythmia (Ryan) 
Fig. 5 Relation between the number of ventricular 
extrasystoles in 24 hours and the grade of arrhythmia in the 
control group, in relatives without hypertrophic cardiomyopathy, 
and in patients with hypertrophic cardiomyopathy. 
Symbols as in Fig. 1. 
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ulatory electrocardiographic recording from an asymptomatic patient. A short burst of 


between the groups. All the most serious ventricular 
arrhythmias occurred during waking hours. Four 
patients complained of dizziness and palpitation dur- 
ing the recording. The timing of such complaints, 
however, did not coincide with the occurrence of seri- 
ous arrhythmias. 


Discussion 


This study showed a high incidence of cardiac 
arrhythmias among symptom-free patients or those 
with mild symptoms with a thick ventricular septum 
and close familial links with deceased patients with 
hypertrophic cardiomyopathy compared with their 
normal relatives and a normal group. The arrhyth- 
mias were always unexpected and not felt by the 
patients, even in three people with ventricular 
tachycardia. The common occurrence of arrhythmias 
in this group supports our previous contention that 
most of them do indeed suffer from cardiomyopathy.* 
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Table 3 Previous 24 to 48 hour ambulatory electrocardiographic studies on patients with hypertrophic cardiomyopathy compared 





with our study 

Author No. of cases AE Supraventricular* VE Ryan!$ VT 
arrhythmia -z III 

McKenna et al.!? 30 8496 4196 90% 50% 17% 

Canedo et al. 18 33 7096 3696 82% 47% 15% 

Savage et al. 9 100 5496 1596 8396 6596 1996 

Present series 22 6895 32% 91% 64% 14% 





*Patients with established atrial fibrillation excluded. 


AE, atrial extrasystoles; VE, ventricular extrasystoles; VT ventricular tachycardia. 


Table 3 shows our results in comparison with those 
of other authors. McKenna et al.!? studied 30 con- 
secutive patients. The patients of Canedo et al.!9 had 
significant symptoms. One third of the patients 
reported by Savage et al. !? had no symptoms and two 
thirds had symptoms consistent with hypertrophic 
cardiomyopathy. They found little difference in 
arrhythmias between the two groups and, on the 
whole, the four studies show an interesting confor- 
mity, though the selection of patients varied. Our 
results support those of Savage et al. !? who found that 
the correlation between symptoms and cardiac 
arrhythmias in hypertrophic cardiomyopathy is poor. 

The annual attrition rate in hypertrophic car- 
diomyopathy is 3 to 496.729 Maron et al.,? in their 
study of 26 patients who had died suddenly and unex- 
pectedly, could not identify any physical signs or 
haemodynamic variables of prognostic importance. 
All of their patients, however, had an abnormal elec- 
trocardiogram, and an unusually thick interventricu- 
lar septum (mean 25 mm, range 17 to 55 mm). One 
third of their patients had a family history of sudden 
death. Another study?! illustrated, similarly, that 
electrocardiographic and haemodynamic findings 
offered no predictive value, but youth combined with 
a family history of hypertrophic cardiomyopathy 
and/or sudden death was a poor prognostic feature. 
Despite different patient selection and the moderate 
increase in interventricular septal thickness (mean 
17 mm) of our patients it is possible that they form an 
unfavourable prognostic group because of their family 
history. 

Our study does not show the extent to which car- 
diac arrhythmias discovered by 24 hour electrocardio- 
graphic monitoring may influence the future course of 
patients with hypertrophic cardiomyopathy. 
McKenna et al.?? have recently reported ventricular 
tachycardia with multiform and paired ventricular 
extrasystoles in five patients who died subsequently. 
In addition, a follow-up study on the patients of Sav- 
age et al. '? showed that there was a significant increase 
in sudden deaths among patients with asymptomatic 
ventricular tachycardia.2? The microscopical disor- 
ganisation of muscle cells in hypertrophic car- 


diomyopathy?^ may conceivably offer a fertile 
medium for the initiation and maintenance of re-entry 
mechanisms leading to ventricular tachycardia or 
fibrillation. It is also possible that pre-excitation may 
be of importance in this context, as suggested by 
Krikler et al.?5 and Bouhour et al.?$ It therefore seems 
justifiable to hope that vigorous antiarrhythmic 
treatment under these circumstances may prevent 
sudden death in some cases. Recent trials using 
amiodarone appear particularly promising. The 
results of this study also suggest that relatives of 
patients with hypertrophic cardiomyopathy should be 
investigated with echocardiograms and then ambulat- 
ory 24 hour electrocardiographic recording, if there is 
a thickened interventricular septum. Finally, our 
study shows that many patients with hypertrophic 
cardiomyopathy will remain undiagnosed unless 
effective objective screening methods are applied to 
individuals judged to be particularly at risk. 


We acknowledge Dr I D Hill for his assistance in the 
statistical analysis. 
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Non-invasive assessment of diastolic function in 
hypertrophic cardiomyopathy on and off beta 


adrenergic blocking drugs 


R F ALVARES, J F GOODWIN 


From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, Hammersmith Hospital, London 


SUMMARY Beta adrenergic blocking drugs in hypertrophic cardiomyopathy provide symptomatic 
relief but their effect on long-term prognosis is uncertain. 

Thirty patients were studied non-invasively by simultaneous recordings of echocardiogram, apex- 
cardiogram, phonocardiogram, and electrocardiogram in order to assess diastolic abnormalities on 
and off oral beta adrenergic blocking drugs. While on treatment these patients had a mean dose of 
propranolol 200 mg/day. The treatment was stopped for one week and then non-invasive assessment 
was repeated. 

The following diastolic time intervals were studied: isovolumic relaxation period (A,—mitral valve 
opening); rapid relaxation period (À,—O point of the apexcardiogram), and the period from mitral 
valve opening to the O point of the apexcardiogram (Mo-O) when most of the filling of the left 
ventricle occurs. The prolongation of the rapid relaxation period reflects a reduced rate of fall of the 
left ventricular pressure when the pressure differential does not change between A2 and the O point 
of the apexcardiogram, and in this study this period was prolonged in 19, shortened in eight, and 
remained the same in three patients after beta blockade. The Mo-O point was. prolonged in 22, 
shortened in seven, and was unchanged in one patient after beta adrenergic blocking drugs. All these 
results were independent of heart rate. 

In conclusion the response of diastolic time intervals to beta blocking drugs in hypertrophic 
cardiomyopathy was variable but there was a significant number of patients in whom the time 
dvailable for filling of the left ventricle was prolonged, suggesting better filling possibly because of 


improved distensibility of the left ventricle after beta adrenergic blocking drugs. 


For the past two decades beta adrenergic blocking 
drugs have been widely used in the treatment of 
hypertrophic cardiomyopathy and since early trials 
they have been shown to produce important symp- 
tomatic benefits.!^? A double blind trial of practolol, 
propranolel, and a placebo has suggested that beta 
blockade was associated with amelioration or disap- 
pearance of dyspnoea, anginal pain, and syncope in 
severely symptomatic patients^ but unfortunately beta 
adrenergic blockade cannot be guaranteed to prevent 
sudden death.5 © 

Hypertrophic cardiomyopathy is a disease charac- 
terised by massive hypertrophy and impaired disten- 
sibility of the left ventricle which leads to abnormal 
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diastolic filling with a small systolic cavity and a very 
stiff ventricle.7? 

We believe that this abnormal diastolic filling is the 
most important factor in determining symptoms and 
prognosis regardless of whether a gradient between 
the outflow tract of the left ventricle and aorta is pres- 
ent or not. 

It has been known that beta adrenergic stimulation 
increases the pressure gradient between left ventricle 
and aorta and decreases the calculated orifice size of 
the outflow tract of the left ventricle. Such stimulation 
may be produced or be augmented by exercise, 
tachycardia, emotion, and drugs that have a positive 
inotropic effect.!9 1! 

Therefore it was thought initialy that this 
improvement of symptomatology was the result of a 
decreased pressure gradient across the outflow tract 
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with a lower cardiac output, in proportion to the 
decrease in heart rate,!? but subsequent workers have 
shown by invasive!? !^ and non-invasive? © !5 methods 
that the important mechanism of action of beta block- 
ade was an increase in left ventricular distensibility, 
allowing the inflow of an increased volume of blood 
during diastole. 

One of the difficulties in interpreting the value of 
these drugs has been the lack of objective assessment 
of the results of oral treatment. 

Therefore in the present study an attempt was 
made to study filling and relaxation, the two main 
interdependent events in early diastole, in hyper- 
trophic cardiomyopathy on and off oral beta 
adrenergic blocking drugs, in order to detect any 
important changes after beta blockade. 

We have studied the events during diastole using 
simultaneous non-invasive recordings of the left ven- 
tricle and mitral valve echocardiogram, apexcardiog- 
ram, phonocardiogram, and electrocardiogram.! 


Subjects and methods 


Observations were made on 30 patients who fulfilled 
the clinical,’ electrocardiographic,!" echocardiog- 
raphic,!* !? and angiographic criteria for hypertrophic 
cardiomyopathy. All these patients were in attendance 
at Hammersmith Hospital and their clinical details are 
given in Table 1. The group included eight women 
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and 22 men with a mean age of 44 years (range from 
14 to 63 years). Twenty-four patients were in sinus 
rhythm and six in atrial fibrillation. Twelve patients 
had a left venticular outflow tract gradient at rest, 
seven had a gradient only on provocation, and 11 
patients had no demonstrable gradient. None of these 
30 patents was in cardiac failure. 

Of these 30 patients, propranolol (mean dose of 230 
mg/day) was being taken by 20 patients; oxprenolol 
and metoprolol were being taken by five patients each 
in a mean dosage of 252 mg and 130 mg/day, respec- 
tively. The latter drugs were used because of intoler- 
ance to propranolol. All these patients were on beta 
adrenergic blocking drugs for at least one month 
(when initially studied with non-invasive techniques). 
The treatment was then stopped for one week and the 
non-invasive assessment was repeated. 

These 30 patients were studied with simultaneous 
recordings of apexcardiogram, left ventricular and 
mitral valve echocardiogram, phonocardiogram, and 
electrocardiogram (Fig. 1). 

The subjects lay comfortably in the left lateral 
recumbent position in the moveable angiography cra- 
dle with their head and shoulders raised (15-20). The 
left arm was raised so that the apex beat could be 
easily located. The right arm rested along the right 
side and the cradle was rotated between 30 and 60? to 
the left in order to ensure the best quality of the apex- 
cardiograms and echocardiograms. Measurements 


Table 1 Clinical details of 30 patients studied on and off beta blocking drugs 
— — — — — — — —— — ——— ———— — 








Case No. Age Sex Rhythm Heart rate Gradient Gradient on Drug Dosage 
( beats mim) at rest provocation (mg/day) 
l 60 M SR 56 + + Propranolol 120 
2 36 M SR 81 + * T 800 
3 42 M SR 74 : * si 8Q 
4 32 M SR 58 ~ + y 240 
5 48 M SR 61 = — Metoprolol 100 
6 32 F SR 53 = = Propranolol 30 
7 4] M SR 72 S — ^ 120 
8 37 M SR 63 + + Oxprenolol 240 
9 38 F SR 69 + + Propranolol 60 
10 46 F SR 48 - + 33 120 
li 55 M SR 56 + + Oxprenolol 240 
12 46 M SR 65 = + Metoprolol 200 
13 44 M SR 66 s: = Propranolol 80 
14 43 M SR 66 - — ES 240 
15 81 M AF 86 — = " 240 
16 30 M AF 79 * + " 480 
17 58 F AF 84 E + 3 240 
18 57 M AF 130 + + Metoprolol 100 
19 57 M AF 110 = Oxprenolol 240 
20 44 M AF 83 + + Propranolol 720 
21 14 M SR 76 — a Metoprolol 50 
22 48 M SR 67 + + " 200 
23 38 F SR 69 + Oxprenolol 480 
24 31 F SR 7 + + às 60 
25 34 M SR 55 - + Propranolol 240 
26 57 M SR 73 E * « 200 
27 17 M SR 70 + + - 120 
28 63 F SR 71 — — i 120 
29 56 F SR 77 — * S 240 
30 58 M SR 56 = -— » 120 
— — — — — RR 
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Fig. 1 Simultaneous recording of phonocardiogram (phono), electrocardiogram (ECG), apexcardiogram (apex), 
and echocardiogram (echo) in a patient with hypertrophic cardiomyopathy. Diagram shows the diastolic time 
intervals measured. A2, aortic component of second heart sound; Mo, mitral valve opening. O and F points of the 


apexcardiogram. 


were made only on technically satisfactory recordings. 

The equipment used was the model VR-12 simul- 
trace system (Electronics for Medicine). This is a mul- 
tichannel physiological recording system designed for 
high resolution recording of a variety of signals, 
including echocardiograms. The photographic trac- 


ings were recorded during relaxed expiratory apnoea ' 


at a paper speed of 100 mm per second with 0-02 

second time lines. This allows a maximal attainable 

limit for measuring diastolic time intervals of 5 ms. 

Since the timing of different events during diastole 
was measured this method is reproducible.?9 


APEXCARDIOGRAM AND PHONOCARDIOGRAM 

The apexcardiogram and phonocardiogram (from the 
apex) were obtained from a single E for M. model 
PSA-—23 crystal transducer with infinite time constant. 
It was positioned at the point where the apexcardiog- 
ram was similar to the left ventricular pressure curve 
and usually coincided with the point of maximal car- 


diac impulse. The transducer was held in place by an 
adjustable elastic strap. The model V—2207 phono- 
cardiograph amplifier permitted separate frequency- 
selective amplification and display of the apexcardiog- 
ram with a frequency response of 0-1 to 30 Hz and the 
phonocardiogram with a band of interest of 50 to 1000 
Hz. In this fashion the apexcardiogram was recorded 
simultaneously with the phonocardiogram from the 
same site. 

During the examination of each patient a second 
phonocardiogram was obtained from the base of the 
heart using a second crystal transducer simultane- 
ously with the carotid pulse in order to define accu- 
rately the aortic component of the second heart 
sound. 


ECHOCARDIOGRAM 

The echocardiogram was obtained simultaneously 
with the apexcardiogram, phonocardiogram, and elec- 
trocardiogram using the E for M model V-3280 mod- 
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ule and a 1:25 cm diameter, 2-25 MHz transducer. 
The system provided a pulse repetition rate of 1000 
cycles per second, multilevel gain compensation in 
either continuous time mode, or discrete depth mode 
with independent adjustments every 2 cm over 24 cm 
range. Echoes were obtained simultaneously from the 
interventricular septum, posterior wall, and both the 
leaflets of the mitral valve paying special attention to 
the point where the anterior and posterior leaflets 
separate. During examination gain settings were con- 
tinuously adjusted with a foot switch until the best 
available recordings could be made. 

From these traces the following variables were 
measured and are summarised in Fig. 1: (1) heart 
rate; (2) rapid relaxation period—interval from aortic 
valve closure (Az) to the O point of the apexcardiog- 
ram; (3) isovolumic relaxation period—interval from 
A2 to mitral valve opening (Mo) defined as the point 
where both the leaflets of the mitral valve separate on 
the echocardiogram; (4) active suction period— 
interval from Mo to the O point of the apexcardiog- 
ram; (5) rapid filling period—interval from Mo to the 
F point of the apexcardiogram. 

The measurements of timing of different events 
during diastole were made in milliseconds, from a 
mean of at least 20 cycles, except for digitising data 
where two cycles were used; the measurements of 
dimensions were in centimetres and the velocity in 
centimetres per second. The results were given as 
those lying within the range of one standard deviation 
of the corresponding mean value. The statistical 
significance of differences between means of normally 
distributed populations was assessed by Student's t 
test. 


Results 


(1) Heart rate: the mean heart rate of patients off 
treatment was 71-6+16-6 beats per minute. Fig. 2 
shows that the heart rate decreased significantly after 
beta blockade in all but four patients. The mean heart 
rate on beta blockade was 58-1 *: 10-9 beats per minute 
(p« 0-001). 

(2) Rapid relaxation period: A2-O. The mean rapid 
relaxation period for all patients was prolonged after 
beta blockade from 178-0+42-9 to 185-0+47-7 ms 
(Table 2). Though overall there was an increase of 
rapid relaxation period reflecting prolonged relaxation 
after beta blockade, this was not significant (p>0- 15). 
As shown in Fig. 3, however, in 19 patients there was 
a prolongation of rapid relaxation period, in eight 
patients it was shortened, and it remained unchanged 
in three. 

(3) Isovolumic relaxation period: A2-Mo. Overall the 
isovolumic relaxation period was shortened in patients 
with hypertrophic cardiomyopathy after beta 
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Fig. 2. The heart rate off and on beta adrenergic blocking 
drugs. Thin and thick lines represent patients in whom the heart 
rate decreased and increased, respectively, on beta blockade. 


adrenergic blocking drugs but this change was also 
not significant. The mean value off beta blockade was 
82.8:27.-9 ms which decreased after treatment to 
77-0+ 28-0 ms (p»0-10). From the whole group the 
isovolumic relaxation period, however, was shortened 
in 16, prolonged in 12, and remained the same in two 
(Fig. 4 and Table 2). 

(4) Active suction penod: Mo—O. In contrast to rapid 
relaxation period and isovolumic relaxation period, 
the mean active suction period was significantlv pro- 
longed after treatment when the whole group was 
considered. The increase was from 95-1+31-3 to 
108-1+41-0 ms (px 0-0D) as shown in Table 2 and Fig. 
5. From the whole group, this interval was prolonged 
in 22, was shortened in seven, and remained the same 
in one patient. 

From the group of 22 patients who had prolonga- 
tion of the active suction period after beta blockade, 
11 had shortening of the isovolumic relaxation period 
after treatment, nine had prolongation, and two had 
no change. 

(5) Rapid filling period: Mo—F . Overall the rapid filling 
period was significantly prolonged in patients after 
beta adrenergic blocking drugs (169-7+31-0 to 
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Table 2 Behaviour of diastolic time intervals on and off beta blockade in hypertrophic cardiomyopathy 





Rapid relaxation 


Off (ms) On (ms) P values* 
178-03:42-9 195-0477 = p<0-15 
period (Az-O) 
Isovolumic relaxation 82.8::27.9 77-0428-0 p<0.10 
period (A2-Mo) 
Active suction 95.1x:31:3 108-1+41-0 p<0.01 
period (Mo-O) 
Rapid filling 169-6+31-0 193-5+47-1 — p«0.0005 
period (Mo-E) 





*p values calculated by Student's t test. 
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Off (ms) On (ms) 

19 prolonged 168-9+41-3 1960+ 50-7 
8 shortened 196-8+47-8 158-7+37:3 
3 same 185-0+ 32-7 185-0 32.7 

12 prolonged 81-27-7242 99-51 23-1 

16 shortened 868-314 62:1+21-2 
2 same 60-0+— 60-0+— 

22 prolonged 90-64 31-1 115-6+43-4 
7 shortened 112-1+29-5 89-2+ 26-8 
1 same 72.94 — 72.9— 

22 prolonged 172-5+ 33-9 209-7 + 43-0 
6 shortened 160-84 24-7 143-34 24-6 
2 same 165-0+7-0 165-0+7-0 


Rapid relaxation period (A2-O) 
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Fig. 3 Histograms showing the effect of beta blockade on rapid relaxation period 
(mean +SD) off treatment (white histograms) and on treatment {stippled histograms). The 
horizontal bar represents the normal mean value +SD in normal subjects off beta adrenergic 


blocking drugs. 


193-5+47-1 ms, p<0-0005). From these 30 patients, 
in 22 the rapid filling period increased after treatment, 
in six it was shortened, and in two it remained 
unchanged (Table 2). 


Discussion 


The investigation of diastole using simultaneous non- 
invasive methods such as phonocardiogram, elec- 
trocardiogram, left ventricular echocardiogram, and 
apexcardiogram is possibly at the moment the most 
effective way to study the events during diastole. 

It is possible to identify three important landmarks 
during the early diastolic period using these techni- 
ques: aortic valve closure (A2), mitral valve opening 
(Mo), and the O point of the apexcardiogram. 

Aortic valve closure indicates the onset of diastole 
though relaxation has already started at this point. 


Once the aortic valve has closed there is a rapid fall of 
left ventricular pressure until the O point of the apex- 
cardiogram (Fig. 1) This interval is the rapid relaxa- 
tion period and when it is prolonged (as often happens 
in hypertrophic cardiomyopathy) it reflects a reduced 
rate of fall of left ventricular pressure. 

During this period when there is a gradient cross- 
over between the left atrium and left ventricle, the 
mitral valve opens. This period from À2 to Mo is the 
isovolumic relaxation period and it depends not only 
on the rate of fall of left ventricular pressure but also 
on the left atrial pressure at the time of gradient cross- 
over between left ventricle and left atrium. 

When the mitral valve opens, filling of the left ven- 
tricle starts and from this moment onwards the left 
ventricular pressure is the result of two major 
interdependent factors: the rate of relaxation and the 
rate of filling. 


Diastolic function in HCM on and off beta blockade 


209 


Isovolumic relaxation period (A2-Mo) 


12 2 


Number of patients 





Off On 


p=010 
16 


Fig. 4 Histograms showing the effect of beta blockade on isovolumic relaxation period 
(mean +SD) off treatment and on treatment (white and stippled histograms, respectively). 
The horizontal bar represents the normal mean value +SD in normal subjects off beta 


blockade. 


Active suction period (Mo-O) 





Number of patents 
Fig. 5 Histograms showing the effect of beta blockade on active suction period 
(mean +SD) off treatment (white histograms) and on treatment (stippled histograms). The 
horizontal bar represents again the normal mean value +SD in normal subjects off beta 
adrenergic blocking drugs. 


From the mitral valve opening to the O point of the 
apexcardiogram when the pressure continues to drop 
(Fig. 1) the rate of relaxation of the left ventricle is 
greater than the rate of blood filling the left ventricu- 
lar cavity as a result of which there is a “sucking” 
effect of the blood coming from the left atrium to the 
left ventricle. This is the active suction period when 
most of the left ventricular filling occurs,*! which goes 
with a considerable increase in dimension during 
downstroke of the apexcardiogram?'?^ and rapid 


thinning of the posterior wall and interventricular 
septum. Therefore the longer this period is the better 
will be the left ventricular filling. 

There is controversy about this period especially 
between those who believe that the relaxation and 
filling are purely passive processes, determined by 
venous pressure (vis-a-tergo of Harvey) and those who 
believe (as this study suggests) that diastolic filling is 
governed, at least in part, by an active process 
originating in the ventricular myocardium. This is 
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shown by the fact that the mitral valve opens before 
minimum ventricular pressure is reached, so that 
early diastolic filling is associated with a reduction, 
rather than an increase, in left ventricular pressure. 
Katz? concluded that it reflects a sucking effect of the 
left ventricle drawing blood into its chamber, and 
more recently?^?* further evidence has been pro- 
duced for such diastolic suction. Hammermeister and 
Warbasse2? have shown that during this period 
(Mo-O), more than 50% of filling is already com- 
pleted. Thus this period is really the "rapid filling 
wave" which is not the interval from O to F point of 
the apexcardiogram as was previously described; it 
was thought in the pre-echocardiographic era that the 
O point was coincident with mitral valve opening, 
since in many cases it corresponded with the opening 
snap in patients with mitral stenosis.** 

From the O point to the F point of the apexcardiog- 
ram the rate of filling is greater than the rate of relaxa- 
tion and this is why the left ventricular pressure starts 
to rise (Fig. 1) though in absolute terms the volume of 
blood coming to the left ventricle is less than during 
the active suction period. The interval from mitral 
valve opening until the F point of the apexcardiogram 
is defined as the rapid filling period. Thus the O point 
of the apexcardiogram is the "turning point" where 
the rate of filling and the rate of relaxation are in 
equilibrium. 

The results of the present work using these techni- 
ques suggest that there was no significant prolonga- 
tion of the rapid relaxation period (Fig. 3) or 
significant shortening of the isovolumic relaxation 
period (Fig. 4) after beta blockade. There was, how- 
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ever, a Significant increase in the interval from mitral 
valve opening to the O point of the apexcardiogram as 
shown in Fig. 5 when most of the left ventricular 
filling occurs. Prolongation of this period occurred in 
22 patients (74%) but it remained the same or was 
shortened in one (3%) and in seven (23%), respec- 
tively. Thus beta blockade is usually valuable in 
hypertrophic cardiomyopathy since increase in left 
ventricular filling is achieved at a much lower pressure 
and this may explain the relief of symptoms. In addi- 
tion because of this improved early filling, there is less 
distension of the left atrium, thus possibly prevenung 
the occurrence of atrial fibrillation. The atrial beat 
also tends to be less powerful after beta blockade. 

Shortening of the isovolumic relaxation period 
possibly contributes to the increase of the Mo-O 
interval. The former had a variable response after beta 
blockade, but showed an overall shortening which 
was not significant. Of 22 patients who had an 
increased active suction period, 11 had a shortened 
isovolumic relaxation period. In the remaining 11 it 
was prolonged or remained unchanged. In addiuon 
the increase of active suction period was not directly 
proportional to the shortening of the isovolumic 
relaxation period in the 11 patients where this period 
was shortened after treatment. 

Thus, possibly the main reason for prolongation of 
the Mo-O interval is that the equilibrium point (O 
point) is reached much later because of relaxation at a 
much lower pressure as a consequence of which there 
is increased filling in early diastole. These results 
confirm the work of de la Calzada et al.'* who have 
shown acceleration of diastolic closure rate of the 





Off treatment (without gallop) 
Fig. 6 Aortic valve echocardiogram with simultaneous phonocardiogram (phono), apexcardiogram 
(apex), carotid pulse, and electrocardiogram off and on treatment. Off treatment, as a result of low 
stroke volume, the aortic leaflets begin to close early while on treatment the leaflets remain widely open 
throughout systole. 


On treatment (with gallop) 
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Fig. 7 Patient with hypertrophic cardiomyopathy in atrial fibrillation. The isovolumic relaxation period 
(A 2-Mo) and the rapid relaxation period (A 2-O) almost remain constant with different RR intervals. 


mitral valve after beta blockade probably related to 
increased ventricular filling. 

The consequence of this increased filling can be 
seen in Fig. 6 where after treatment there was an 
increase in stroke volume, as shown by increased aor- 
tic valve opening. 

This increase in the active suction period was not 
affected by age, by sex, by the type or amount of the 
drug, by blood pressure, or by heart rate. This can be 
seen in Fig. 7 where a patient with hypertrophic car- 
diomyopathy and in atrial fibrillation with different 
RR intervals had almost constant rapid relaxation 
period and isovolumic relaxation period. In this group 
of 30 patients the coefficient of correlation between 
the heart rate and the diastolic time intervals in early 
diastole (A,-O, A,-Mo, Mo-O) was extremely low. 
Nor was this increase of active suction period affected 
by the presence of a gradient to the outflow tract of 
the left ventricle. 

The effect of beta blockade in lowering the heart 
rate should not be underestimated because an apprec- 
lable amount of filling occurs during the slow relaxa- 
tion period, diastasis, and the atrial component of 
diastole which are all related closely to the heart rate. 
Indeed, clinically there is pronounced deterioration of 
these patients when they are in atrial fibrillation. 


Dr R F Alvares acknowledges his fellowship from the 
Calouste Gulbenkian Foundation (Lisbon). 
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**l'orsade de pointes" tachycardia 


Re-entry or focal activity? 


C NAUMANN D'ALNONCOURT, W ZIERHUT, B LÜDERITZ 
From Department of Internal Medicine, Klinikum Grosshadern, University of Munich, West Germany 


SUMMARY Paroxysms of ventricular tachycardia in which the amplitude and the direction of QRS 
complexes change periodically are defined as “‘torsade de pointes" tachycardias. The mechanism of 
this atypical ventricular arrhythmia has not yet been elucidated. The aim of our study was to induce 
“torsade de pointes" tachycardia experimentally, in order to gain insight into its possible mechan- 
ism. The experiments were carried out with isolated porcine hearts, perfused by the Langendorff 
technique. Epicardial electrocardiograms were recorded by unipolar leads. The specific pattern of 
“torsade de pointes" tachycardia could be induced by stimulation of the right and left ventricles in 
phase. From our experimental observations we conclude that a possible cause of “torsade de 
pointes" tachycardia is the interaction of two ectopic ventricular foci. 


Rapid ventricular tachycardias, with periodic change 
of amplitude and direction of the QRS complexes, are 
defined as “torsade de pointes" tachycardias.! A 
detailed description of this serious arrhythmia has 
been given by Dessertenne,? who also created the 
term “torsade de pointes" (twisted tips). The precise 
mechanism of this atypical ventricular arrhythmia has 
not been completely clarified. Prolongation of the QT 
interval and inhomogeneous repolarisation of neigh- 
bouring areas of the myocardium are believed to be of 
major importance for its genesis.!? “Torsade de 
pointes" has been recognised during hypo- 
kalaemia,** hypomagnesaemia,’® acute ischaemia,? 
myocardial infarction,!? myocarditis,! during the use 
of various antiarrhythmic agents, for example 
quinidine,!! lignocaine,! mexiletine,!™? dis- 
opyramide,!3!4 and could be initiated by electrical 
ventricular stimulation.!5 Thus, aetiology of this 
rhythm disorder is diverse; its characteristic elec- 
trocardiographic appearance, however, suggests a 
specific mechanism. 

The aim of our study was to induce '*'torsade de 
pointes" tachycardias experimentally in order to gain 
insight into its possible mechanism. 


Methods 


The experiments were carried out in isolated pig 
hearts (n=7). The animals (weight 20-1 kg) were 
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anaesthetised by intravenous injection of sodium pen- 
tobarbitone (15 mg/kg). After intubation and artificial 
respiration the thorax was opened by a midsternal 
incision and the heart was rapidly.removed and fixed 
to a heart lung machine where it was perfused with 
the blood of the same pig using the Langendorff tech- 
nique.!5 The temperature was 37°C, and the coronary 
flow was set at 200 ml/min. -The hearts’ were paced 
electrically from the epicardium with two indepen- 
dent stimulation generators at one and a half times the 
diastolic threshold. Unipolar electrocardiograms were 
recorded by means of non polarisable. cotton wick 
electrodes from the epicardium and were recorded on 
an Elema ink writer (Fig. 1). 


Results 


If paced from the right ventricle the electrocardio- 
gram recorded within the area of the left anterior 
descending artery showed a positive deflection (R 
wave); if paced from the left ventricle the main axis of 
the QRS complex at the same recording point became 
negative (S wave) (Fig. 2). If the stimulation was per- 
formed from both the right and the left ventricles the 
resulting QRS deflection could be made zero if there 
was an appropriate interval between both stimuli. 
With the right ventricle stimulated at a constant rate 
(245/min) and the interval of the second stimulus (left 
ventricle) changed stepwise, the amplitude of the 
QRS could be adjusted between the maximum nega- 
tive S wave and the maximum positive R wave. By 
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Fig. 1 Isolated pig heart perfused by the Langendorff method. 
Arrangement of the stimulation and recording electrodes. STI py, 
site of stimulation on the right ventricle; STI, y, site of 
stimulation on the left ventricle; ECG, recording point on the le 
ventricle. ; 
Fig. 2 Electrocardiograms during stimulation of the right 
ventricle or the left ventricle. (a) If stimulation is performed to the 
right ventricle the electrocardiogram shows an R wave; (b) if 
stimulation is performed to the left ventricle the electrocardiogram 
shows an S wave. l 


Fig. 3 Electrocardiogram during stimulation of the right and 
the left ventricle. If the left ventricle ts paced at a constant rate 
(cycle length CL: 245 ms) and the right ventricle ts paced at a 
similar but periodically changing rate (CL: 230 to 260 ms) the 
electrocardiographic pattern of “torsade de pointes" occurs. 


Fig. 4 After inducing ventricular tachycardia by occlusion of 
the left anterior descending coronary artery the 
electrocardiographic pattern of “torsade de pointes" could be 
generated by pacing the right ventricle at a similar but 
periodically changing rate. STI, start of stimulation of the right 
ventricle. 


“Torsade de pointes”. tachycardia Re-entry of focal activity? 


continuous prolongation of the coupling interval of 
the second stimulus from the basic stimulus a gradual 
decrease of the amplitude of the R wave occurred 
until it disappeared and then the QRS deflection 
became negative, increasing until it reached a maxi- 
mum negative S wave (Fig. 3). If the interval was then 
shortened the amplitude of the S wave decreased, 
became zero, and changed again into a positive R 
wave. 

In another series of experiments (n—4) the left 
anterior descending artery was occluded to produce a 
stable ventricular tachycardia and then only one 
pacemaker, stimulating the heart from the right ven- 
tricle, was necessary to generate the electrocardio- 
graphic pattern of “‘torsade de pointes". The pacing 
rate was set at the heart rate and by slowly shortening 
and lengthening the stimulation interval the elec- 
trocardiographic pattern shown in Fig. 4 was 
recorded. 


Discussion 


Our results suggest that “torsade de pointes” 
tachycardias are based on focal impulse formation and 
on the interference of two separated foci with two 
different rates. If these foci are located in the right 
and in the left ventricle, the electrocardiogram shows 
either left bundle-branch block or right bundle- 
branch block. If both foci are active the resulting elec- 
trocardiogram represents the sum of both these elec- 
trocardiograms. If the impulse spreads from the left 
ventricle over the heart and the second focus in the 
right ventricle accelerates increasingly, the elec- 
trocardiogram gradually changes from the right 
bundle-branch block pattern to the left bundle- 
branch block pattern: “torsade de pointes" occurs. 

Others favour the idea of a re-entry mechanism 
causing “‘torsade de pointes" tachycardia!^!? and 
another possibility is that the tachycardia—beat by 
beat—originates from a point which slowly moves 
back and forwards between two regions of the heart, 
for instance the left and the right ventricle, but no 
experimental evidence or models have been produced 
to support these theories. 

Our data do not rule out other possibilities but in 
our opinion there are more arguments for a bifocal 
genesis than for a re-entrant mechanism. ‘“Torsade de 
pointes” tachycardias often occur when the excitabil- 
ity of the heart is increased, for example in 
hypokalaemia, in acute ischaemia, and in myocarditis. 
Under these conditions abnormal impulse formation 
could well originate from Purkinje fibres which 
extend over the whole heart and could set the stage for 
multifocal activity. The ineffectiveness of lignocaine- 
like substances in the treatment of “torsade de 
pointes" fits well with the assumption of abnormal 
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impulse formation in Purkinje fibres, because this 
type of activity originates from fibres depolarised into 
a potential range where the fast channel is already 
inactivated.2° Furthermore, the frequent observation 
of a period of bradycardia before the start of a “tor- 
sade de pointes" tachycardia argues in favour of focal 
activity. The usual occurrence .of multiform 
extrasystoles—often in the opposite direction to the 
QRS complexes—just before spontaneous “torsade de 
pointes” tachycardias start! ? ?! also suggests a bifocal 
genesis for this arrhythmia. Lastly, as long as there is 
no contraindication, overdrive suppression by cardiac 
pacing appears to be the treatment of choice for “tor- 
sade de pointes" tachycardia.! 1318 and its effective- 
ness again supports our hypothesis of bifocal activity, 
which was originally advanced by Dessertenne in 
1966? as the cause of this arrhythmia. 
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Significance of complete right bundle-branch block 
when an isolated finding 
An echocardiographic study 


MARK DANCY,* GRAHAM LEECH, AUBREY LEATHAM 
From the Cardiac Department, St George’s Hospital, London 


SUMMARY Twenty-seven patients with complete right bundle-branch block as the only abnormal 
finding were studied using high speed M-mode echocardiography to determine the effect of the 
electrical delay on the mechanical events of right ventricular systole. Pulmonary valve opening 
(PVOm) was delayed in all cases. In some the delay was mainly between mitral valve closure (MVC) 
and tricuspid valve closure (TVC), and this was designated proximal block. In the others the main 
delay was between tricuspid valve closure and pulmonary valve opening and this was designated 
distal block. The patients were divided into those with proximal and those with distal block by 
calculating the ratio TVC-PVOm/MVC-TVC. Twelve out of 13 of those with distal delay but only 
one out of 14 of those with proximal delay had episodes of syncope or near syncope. These results 
are consistent with previous theories about the pathophysiology of right bundle-branch block. 
Echocardiography may offer a non-invasive method to estimate the prognosis in isolated right 


bundle-branch block. 


When complete bundle-branch block is discovered as 
an isolated finding in a patient who has no other evi- 
dence of heart disease, the long-term prognosis is 
difficult to assess, and this is particularly important in 
aviation and insurance medicine. The finding of right 
bundle-branch block is usually unimportant,! but in 
occasional patients it is an early sign of diffuse con- 
ducting tissue disease, cardiomyopathy, or coronary 
artery disease. There is at present no reliable way of 
distinguishing this important second group of patients 
with underlying or progressive disease. 

It is now fairly well established that there are two 
forms of right bundle-branch block: one in which 
there is interruption of the main right branch of the 
bundle of His, termed proximal block, and the other 
in which the terminal ramifications of the right bundle 
are affected, termed distal or arborisation block.?^4 
Brooks etal.5 suggested that patients with right 
bundle-branch block could be divided into those with 
proximal block and those with distal block by timing 
right sided systolic events using echophonocardiogra- 
phy; these authors speculated that there might be a 
difference in prognosis between the two groups, prox- 


* Jensen Research Fellow, St George's Hospital. 
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imal being relatively isolated and benign, but distal 
being associated with diffuse disease which was likely 
to be more widespread and progressive. In the group 
thought to have proximal block, they found that the 
right sided delay was confined to prolongation of the 
ume interval between mitral valve closure and tricus- 
pid valve closure on the echocardiogram. In the group 
thought to have distal block the delay was mainly 
between tricuspid valve closure and pulmonary valve 
opening. 

In order to test the hypothesis that proximal block 
is usually a benign condition, and that distal block is 
more likely to be associated with more widespread 
disease, we measured these time intervals in patients 
in whom right bundle-branch block was an isolated 
finding at a routine examination, and compared them 
with the results from an otherwise identical group of 
patients with right bundle-branch block who had a 
history of syncope or near syncope. 


Patients and method 


The 27 patients included in this study all had basic 
sinus rhythm with typical complete right bundle- 
branch block at the time of study. None had evidence 
of any other cardiac disorder on radiographic, 
echocardiographic, or electrocardiographic grounds. 
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In particular there was no electrocardiographic evi- 
dence of left sided conduction disease (normal PR 
interval and QRS axis). In 14 patients the right 
bundle-branch block had been discovered at a routine 
examination (for example for a pilot's licence or in- 
surance) and they were free of symptoms. The 
remaining 13 patients had suffered attacks of syncope 
or near syncope though they were otherwise symptom 
free. Eleven of the 13 had had documented episodes 
of complete heart block. Eight of them had had 
demand pacemakers fitted. Of those with pace- 
makers, three were in sinus rhythm inhibiting the 
pacemaker at the time of the study, and in five sinus 
rhythm was induced by external inhibition of the 
pacemaker using surface electrodes and an impulse of 
100/min from an external pacing unit. 

There was no significant difference in age between 
those patients with symptoms (mean 66 years, range 
42 to 83) and those without (mean 60 years, range 42 
to 69). The results were compared with those from a 
group of 63 normal subjects who were younger than 
the patients, with a mean age of 33 years (range 19 to 
56 years). 

Echocardiograms were recorded on a Smith Kline 
Ultrasonoscope using a 2-25 MHz focused transducer 
with pulse repetition frequency increased to 2000/s. 
The output was displayed on a Cambridge 6 channel 
recorder with maximum paper speed increased to 200 
mm/s. Magnified recordings were made of the mitral, 
tricuspid, and pulmonary valves, together with a high 
frequency phonocardiogram from the fourth left 
intercostal space and the standard electrocardiog- 
raphic lead showing the earliest onset of QRS. The 
technique and details of measurement have been fully 
described elsewhere.5 Measurements were made from 
Q to mitral valve closure (MVC), Q to tricuspid valve 
closure (TVC), and Q to pulmonary valve opening 
(PVOm) (maximum pulmonary valve opening was 
measured instead of the onset of pulmonary valve 
opening as it is a reproducible event that can be meas- 
ured with great accuracy). From these results the time 
intervals MVC to TVC and TVC to PVOm were cal- 
culated. 

Statistical analysis was carried out using Student's 
unpaired t test unless otherwise stated. 


Results 


Mean time interval measurements for the two patient 
groups and the normal subjects are shown in the 
Table. The results for individual subjects are shown 
graphically in Fig 1; values of MVC-TVC (nter- 
rupted line) and TVC-PVOm (solid line) for each sub- 
ject are indicated with reference to the time of TVC. 
Heavy lines under each patient group show mean val- 
ues for that group and only the mean values are given 
for the 63 normal subjects. 
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Table Mean time intervals in 63 normal subjects, 14 
patients with right bundle-branch block and no symptoms, 
and 13 patients with right bundle-branch block and syncope 
(p values refer to comparisons between normals and patient 
groups) 


Subjects No. Q-MVC  MVC-TVC TVC-PVOm 
Normal 63 55x11 34+ 10-5 39+ 12 
Without symptoms 14 57-22] 58+11** 53+ 12* 
With symptoms 13 59+15¢ 33418} 95+ 32** 
All figures in ms SD. 

NS; 
*p<0-005; 
**p« 0-001, 


Q-MVC, interval from onset of QRS to mitral valve closure; 
MVC-TVC, interval from mitral to tricuspid valve closure; 
TVC-PVOm, interval from tricuspid valve closure to maximal 
pulmonary valve opening. 
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Fig. 1 Values of the intervals of MVC-TVC (interrupted 
horizontal lines to the left of the vertical line), and TVC-PVOm 
(solid horizontal lines to the right of the vertical line) displayed in 
relation to the time of tricuspid valve closure (the vertical line). 
Beneath each patient group is the mean (thicker lines). 


MVC TO TVCINTERVAL 
In all but one of the 14 symptom-free patients with 
right bundle-branch block the time interval from 
mitral valve closure to tricuspid valve closure was 
longer than the mean of the normal subjects. This had 
been strongly suspected clinically in most because of 
wide splitting of the first heart sound. In addition, the 
mean value was significantly prolonged in these 
symptom-free patients when compared either with 
those with symptoms (p« 0-001) or with normal sub- 
jects (p« 0:001). 

In the patients with syncope the mean interval was 
not prolonged, but there was considerable individual 
variation (Fig 2). 


TVC TO PVOm INTERVAL 

In the symptom-free patients the time interval from 
tricuspid valve closure to pulmonary valve opening 
was within the normal range in 10, but in four it was 
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slightly prolonged, and the mean was slightly greater 
than normal (p« 0-005). It should be noted in this 
respect that both groups of patients were significantly 
older than the normal subjects. In all but one of the 
patients with syncope, TVC-PVOm was abnormally 
prolonged, and was usually greatly prolonged. Mean 
TVC-PVOm was significantly increased in these 
patients both when compared with the normal sub- 
jects (p«0-001) as well as with the symptom-free 
group (p« 0-001). 


RATIO OF TVC-PVOm/MVC-TVC (Fig 3) 

By combining the two measurements a greater separa- 
tion was achieved between the patients with symp- 
toms and those without. This ratio was greater than 
the arbitrary value 1-4 in all but one of the patients 
with syncope, and less than 1-4 in all but one of the 
symptomless patients with right bundle-branch block 
(p<0-001 by x? test). 


TVC-PVOm 
MVC-TVC 





Fig.3 Ratio of TVC-PVOm/MVC-TVC for all the patients. 
An arbitrary line is drawn at 1-4. Those patients with values 
below this are considered to have proximal block, whereas those 
with values above are considered to have distal block. 
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60 80 ms Fig. 2 Individual values of 
MVC-TVC and TVC-PVOm shown 
TVC-PVOm in comparison with the range of 63 


normal subjects (mean + 2 SD). 


Discussion 


There is considerable evidence from physiological 
studies to suggest that the electrocardiographic pat- 
tern of right bundle-branch block is identical whether 
the interruption is in the proximal or distal portions of 
the right His-Purkinje network.°~? Anatomically, the 
right bundle comprises a single group of fibres which 
arborises only at the periphery. Interruption of the 
proximal portion is therefore likely to cause delay in 
the onset of right ventricular contraction, but, assum- 
ing the distal network is intact, contraction should 
then proceed normally. On the other hand, disease 
affecting the peripheral branches, but not the proxi- 
mal bundle, ought to cause asynchronous contraction, 
slowing the overall rate of rise of pressure without 
delaying its onset. In both cases the effect would be to 
delay the opening and closure of the pulmonary valve. 
Generalised disease of the right conduction system. 
should cause proximal and distal delays in the same 
patient. 

Animal studies with selective interruption of the 
proximalé? and distal$? fibres have confirmed these 
suggestions. In man the relation between the anatom- 
ical site of interruption of the right bundle and the 
consequent electrical delays: have been studied by 
epicardial isochrone mapping during surgical proce- 
dures that produced right bundle-branch block.!? 
Proximal interruption produced similar delays in acti- 
vation of all parts of the right ventricle, whereas distal 
interruption slowed the rate of propagation of the 
depolarisation wave. 

Alterations in the sequence of events during systole 
are reflected in the heart sounds. Indeed, a study of 
the sequence of the aortic and pulmonary components 
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of the second heart sound provided the first clue that 
the early electrocardiographers had confused the elec- 
trocardiographic patterns of right and left bundle- 
branch block which had been derived from studies on 
dogs.!! Abnormally wide splitting of the first heart 
sound, attributed to delay of tricuspid valve closure, 
was found to be a feature of apparently isolated right 
bundle-branch block, and was also found in other cir- 
cumstances with delayed onset of right ventricular 
contraction, such as with pacing from the left ventri- 
cle or with ectopic beats of left ventricular origin.!? 
Echophonocardiographic studies in Ebstein's ano- 
maly, in which the right bundle comprises only a 
short proximal group of fibres, showed a striking 
delay of the tricuspid component of the first heart 
sound.!? It was pointed out, however, that the onset 
right ventricular systole was not invariably delayed in 
right bundle-branch block and an echocardiographic 
study confirmed that in some instances right bundle- 
branch block did not cause delay of tricuspid valve 
closure.5 These findings strongly suggested that in 
such cases the delay in activation was confined to the 
peripheral fibres. It was also noted that most of the 
patients in this group had cardiac abnormalities in 
addition to right bundle-branch block; indeed, 
peripheral delay would be expected with myocardial 
disease, myocardial infarction, and particularly 
idiopathic bundle-branch fibrosis which is the com- 
monest cause of complete heart block.!4~16 

There is therefore substantial evidence that there 
are two pathologically distinct forms of isolated right 
bundle-branch block. Proximal block, caused by a 
single localised lesion, may be the underlying pathol- 
ogy in the majority of cases of isolated right bundle- 
branch block which statistically have an excellent 
prognosis.! Distal block, where the underlying lesion 
is more diffuse, may be evidence of the progressive 
disease seen in a minority of patients. The present 
study was designed to show whether the position of 
the block could be predicted by echophonocardiog- 
raphic timing studies, and whether this had any prog- 
nostic relevance. For this purpose, delay of tricuspid 
valve closure relative to mitral valve closure was 
regarded as evidence of proximal block, and delay 
between tricuspid valve closure and pulmonary valve 
opening as distal block. 

The results for the symptom-free patients with 
right bundle-branch block showed that the mean 
value of MVC-TVC was significantly prolonged 
(p«0-005 compared both with normal subjects and 
with patients with symptoms) and in nine cases was 
outside the normal range. TVC-PVOm, however, was 
normal in the majority, though in four it was slightly 
prolonged. The patients with a history of syncope, 
whose electrocardiograms were indistinguishable 
from those of the symptóm-free patients with right 
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bundle-branch block, had striking prolongation of the 
mean TVC-PVOm interval, which was 2-4 times that 
of the normal subjects (p« 0-001 compared with nor- 
mal subjects and symptom-free patients). Most 
showed no delay of tricuspid valve closure, suggesting 
that the proximal portion of the right bundle was 
intact, but in some the interval from mitral to tricus- 
pid valve closure was also prolonged, suggesting that 
there was generalised disease affecting both proximal 
and distal regions. 

Although there was some overlap of measured val- 
ues for individuals in the two patient groups, this was 
reduced by expressing the intervals in the form of 
ratios (Fig. 3). An arbitrary division set at 1-4 for the 
ratio TVC-PVOm/MVC-TVC gave optimal separa- 
tion, leaving only one symptom-free patient in the 
“distal section" and one patient with symptoms in the 
“proximal section". 

Thus, the evidence for the separation of right 
bundle-branch block into proximal and distal varieties 
is based on electrophysiological, anatomical, and 
pathological findings, and we believe that it is possible 
to place patients in one of these two groups by means 
of echocardiography, or even by simple auscultation 
in many cases. Though the number of patients so far 
studied is small, this seems a promising technique for 
assessing the prognostic significance of right bundle- 
branch block. Only a long-term follow-up of patients 
with isolated right bundle-branch block will disclose 
whether or not distal block is more likely to be associ- 
ated with progressive pathology. 
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M-mode echocardiographic features of endomyocardial 
fibrosis 


B OLU GEORGE, F E GABA, AI TALABI 
From the Cardiovascular Unit, Department of Medicine, College of Medicine, University of Lagos, Lagos, Nigeria 


SUMMARY M-mode echocardiographic findings are described in 21 patients with endomyocardial 
fibrosis. Features associated with right ventricular endomyocardial fibrosis include: (1) exaggerated 
motion and thickening of the anterior right ventricular wall; (ii) increased right ventricular end- 
diastolic dimension; and (iii) paradoxical septal motion. ` 

Pericardial effusion (viz an echo-free space behind the posterior left ventricular wall) was shown in 
three patients. The tricuspid valve was easily recorded in all. Six patients with left ventricular 
endomyocardial fibrosis had diminished left ventricular end-diastolic dimension. Three had echo 
features of pulmonary hypertension (viz reduced e-f slope, absent a wave in sinus rhythm, and 
systolic notching of the pulmonary valve echogram). Fine fluttering of the anterior mitral valve 
and tricuspid valve echo was observed in two patients (one of whom was in sinus rhythm) with 


biventricular endomyocardial fibrosis, and no angiographic evidence of aortic regurgitation. 


Endomyocardial fibrosis, a form of obliterative car- 
diomyopathy, is one of the commonest forms of heart 
disease in Nigeria! ? and other developing countries in 
Africa3* south of the Sahara. The published reports 
abound in information on the clinical,56 haemo- 
dynamic,’® angiographic,?!® and pathological! !? 
features of endomyocardial fibrosis. Information is, 
however, scanty and sketchy on the echocardiog- 
raphic features.!? !3 

While the clinical diagnosis of advanced right ven- 
tricular or biventricular endomyocardial fibrosis is 
easy and straightforward, difficulties often arise in 
mild to moderate cases, when it may be difficult to 
distinguish at the bedside between endomyocardial 
fibrosis, rheumatic valvular disease, constrictive 
pericarditis, and congestive cardiomyopathy.'* If 
characteristic — echocardiographic patterns of 
endomyocardial fibrosis can be defined, this would 
offer a useful non-invasive diagnostic tool in the hands 
of clinicians, obviating the need for cardiac catheter- 
isation, with its attendant risks. This is a considera- 
tion of great importance, especially since the role of 
surgery in this disease is not yet clearly defined. 

We have studied 21 patients with endomyocardial 
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fibrosis by M-mode echocardiography, and our obser- 
vations form the basis of this paper. 


Subjects and methods 


There were 10 male and 11 female patients, whose 
ages ranged from 6 years to 70 years. They were refer- 
red to the Lagos University Teaching Hospital with 
diagnoses varying from puerperal cardiomyopathy, 
endomyocardial fibrosis, ascites of unknown cause, 
unexplained cardiomegaly, to pericardial effusion. 
Each had an examination on electrocardiogram and a 
chest x-ray film. Ultrasound examination was carried 
out using standard techniques, with an SKI Ekoline 
20A Ultrasonograph and a Cambridge strip-chart 
recorder. A 2-25 MHz transducer with a repetition 
rate of 1000 impulses/s was placed in the left para- 
sternal position, with the patient supine. 

Fifteen patients had cardiac catheterisation and 
angiocardiography, 10 before and five after the 
echocardiographic examination. In two patients, 
phonocardiograms were recorded, and aortic root 
angiography carried out. One patient, who died, came 
to necropsy. 

For comparison, two patients with massive ascites 
resulting from portal hypertension, two with constric- 
tive pericarditis, and one with tricuspid stenosis, all 
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with clinical appearances similar to endomyocardial 
fibrosis, were also studied echocardiographically. 


Results 


Nineteen patients presented with the characteristic 
clinical picture of nght ventricular endomyocardial 
fibrosis, namely, raised jugular venous pressure, mas- 
sive ascites, and minimal pedal oedema. Two pre- 
sented with only mild to moderate ascites. One, a 10 
year old boy, had unexplained cardiomegaly. Twelve 
had clinical evidence of left as well as right heart fail- 
ure, with a pansystolic murmur of mitral regurgita- 
uon. Fifteen patients had clinical evidence of tricus- 
pid regurgitation. An early diastolic murmur was 
heard in two patients. The radiological and elec- 
trocardiographic findings were compatible with the 
clinical diagnosis of endomyocardial fibrosis. Eight- 
een were in sinus rhythm and three in atrial fibrilla- 
tion. There was no left bundle-branch block. The 
haemodynamic and angiographic study indicated that 
nine had right ventricular, and six had biventricular 
endomyocardial fibrosis. Five patients were studied 
echocardiographically before being subjected to car- 
diac catheterisation. Of these, two who had aortic root 
angiograms had no evidence of aortic regurgitation. 
The following echocardiographic features were 
common to all 21 patients. 
(1) Increased right ventricular dimension (mean 
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47mm; SD li mm: normal range 7 to 23 mm) 
(Table), (Figs. 1 and 2). 

(2) Paradoxical septal motion (Fig. 1). 

(3) Thickening of the right ventricular anterior wall 
(mean 9 mm; SD 2 mm: normal « 5 mm), with 
increased right ventricular anterior wall motion 
(Fig. 3). 

(4) Easily recordable tricuspid valve (Fig. 4). These 
features were associated with right ventricular 
involvement. Other features found associated with 
right sided endomyocardial fibrosis were as follows: 
(a) Two patients (each with an early diastolic mur- 
mur) had fine fluttering of the anterior tricuspid valve 
leaflet (Fig. 4) (one of these patients was in sinus 
rhythm); (b) three patients had posterior pericardial 
effusion (Fig. 5). Features associated with left ven- 
tricular endomyocardial fibrosis were as follows: (a) 
Reduced left ventricular dimension (mean 24 mm; 
SD 6 mm: normal range 35-56 mm) (Fig. 5), Table). 
This was found in all 12 patients with biventricular 
endomyocardial fibrosis. (b) Two patients, who had 
early diastolic murmur, had fine fluttering of the 
anterior mitral valve leaflet (Fig. 6). One of these 
patients was in sinus rhythm. Two other patients in 
atrial fibrillation who had anterior mitral valve flutter- 
ing did not have an early diastolic murmur. (c) Five 
patients had left atrial enlargement, and (d) three of 
them showed echocardiographic features of pulmo- 
nary hypertension, viz reduced e-f slope, absent a 


Table Clinical, echocardiographic, and haemodynamic data in 21 patients with endomyocardial fibrosis 








No. Age (y) Sex Echocardtographic data Haemodynamic data Clhimcal data EMF 
M — — — — — — — involvement 
RVEDD EDARVWT LVEDD  RVEDP  LVEDP MR TR ECG EDM (ventricle) 
(mm) (mm) (mm) (mmHg) (mmHg) 
I 25 F 40 7 34 18-19 15-20 * * AF * R+L 
2 13 F 38 13 32 13-16 15-18 * + SR — R+L 
3 6 M 70 10 19 — — * + SR * R+L 
4 32 F 37 10 24 — — * + SR — R+L 
5 21 F 37 8 30 12-17 6-10 = = SR -— R 
6 36 F 45 9 45 15-20 0- 3 - * SR R 
7 23 M 46 7 36 18-21 11-12 z * SR m R 
8 50 F 59 7 30 — sti + + SR — R+L 
9 10 M 50 12 S5 16-22 9-12 — + SR — R 
10 19 F 40 6 37 10-15 6-10 ~ + SR - R 
li 25 F 62 14 22 17-19 20-24 + * SR — R+L 
12 2l M 34 6 42 16-18 0— 6 = = SR x R 
13 64 F 50 10 30 — — * * SR - R+L 
14 21 M 47 8 15 — — + ~ SR "s R+L 
15 45 M 38 10 50 20-23 6- 7 — + AF — R 
16 22 M 60 7 20 21-22 23-27 ck + SR ~ R+L 
17 15 M $4 12 40 18-22 10-12 - * SR - R 
18 13 F 30 9 38 12-14 9-12 ~ ~ SR — R 
19 45 M 56 6 21 17-25 16-20 * + SR + R+L 
20 70 F 35 9 27 — — * ~ AF xs R+L 
21 16 M 58 11 19 21-24 18-22 * + SR es R+L 





RVEDD, right ventricular end-diastolic dimension; EDARVWT, end-diastolic anterior right ventricular wall thickness; LVEDD. left 
ventricular end-diastolic dimension; RVEDP, right ventricular end-diastolic pressure; LVEDP, left ventricular end-diastolic pressure; MR, 
mitral regurgitation; TR, tricuspid regurgitation; AF, atrial fibrillation; SR, sinus rhythm; EDM, early diastolic murmur. 

RVEDD: normal range 7 to 23 mm. Right ventricular endomyocardial fibrosis mean 47 mm, SD 1] mm. 
LVEDD: normal range 35 to 56 mm. Left ventricular endomyocardial fibrosis mean 24 mm, SD 6 mm. 


EDARVWT: normal <5 mm. Right ventricular endomyocardial fibrosis mean 9 mm, SD 2 mm. 
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Fig. 1 Echocardiogram 
in night ventricular 
endomyocardial fibrosis 
showing (1) increased nght 
ventricular dimension, and 
(11) paradoxical septal 
motion. RV, nght 
ventricle; IVS, 
interventricular septum; 
LV, left ventricle. 










Fig. 2 M-mode scan in right sided 
endomyocardial fibrosis showing 
increased dimension of the outflow 
tract. IVS, interventricular septum; 
Ao R, aortic root; LA, left atrium. 


Fig. 3 Echocardiogram in right ventricular endomyocardial 





rhythm. 


fibrosis showing thickened and strongly contracting antenor nght 
ventricular wall. 
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Fig. 5 Echocardiogram in biventricular endomyocardial fibrosis. The features of nght ventricular 
endomyocardial fibrosis are (i) dilated right ventricle (RV), ( it) pericardial effusion (PE), and (11) paradoxical 
septal motion. The reduced left ventricular dimension of left sided involvement ts shown. 


Fig. 4 Tricuspid valve echogram showing fine fluttering of the 
anterior tricuspid valve leaflet. Electrocardiogram shows sinus 
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aed fem. AN see oe. wer 7 f Fig.6 Fine fluttering of anterior 
v: f SA e x emi ⸗ mitral valve leaflet (AML). (See 
A, AML + BAG Aw — Fluttering : — * F text.) 
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Fig. 7 Right ventricular end-diastolic pressure (RVEDP) and Fig. 8 Left ventricular end-diastolic pressure (LVEDP) and 
echocardiographic right ventricular end-diastolic dimension echocardiographic left ventricular end-diastolic dimension 
(RVEDD) relation in 15 patients with right ventricular (LVEDD) relation in 15 patients with endomyocardial fibrosis 
endomyocardial fibrosis. The end-diastolic pressure and (nine with right ventricular and six with left ventricular 
echocardiographic dimension were raised in all 15. There was a — involvement). The LVEDP was raised, and LVEDD reduced 
significant degree of correlation between the RVEDP and in patients with left ventricular endomyocardial fibrosis; the 
RVEDD (r=0-683 p<0-005). LVEDP and LVEDD were normal in right ventricular 


endomyocardial fibrosis. There was a highly significant 
correlation between LVEDD and LVEDP (r=0-82 p «0-005). 
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wave (the patients were in sinus rhythm), and systolic 
notching of the pulmonary valve echocardiogram. 

The echocardiograms in the two patients with con- 
strictive pericarditis, and in two patients with gross 
ascites caused by portal hypertension were normal. 
One other patient showed echocardiographic features 
of tricuspid stenosis, namely, reduced e-f slope of the 
anterior tricuspid leaflet. 

The 15 patients studied haemodynamically and 
angiographically showed the characteristic dip and 
plateau right ventricular pressure pattern with raised 
rght atrial and right ventricular end-diastolic pres- 
sures. The six patients with left ventricular 
endomyocardial fibrosis had raised left ventricular 
end-diastolic pressures (Table). The right atrial 
angiograms showed a grossly dilated right atrial 
chamber with stasis of the contrast medium in the 
right atrium. The inflow tract of the right ventricle 
was obliterated and/or irregular, with distension of 
the outflow tract. The left ventricular angiogram 
Showed changes consistent with left ventricular 
endomyocardial fibrosis in six patients (viz small, 
irregular chamber). There was also mitral regurgita- 
tion. Fig. 7 shows the relation of the right ventricular 
end-diastolic pressures to the echocardiographic right 
ventricular end-diastolic dimensions. Both were 
increased in all. The relation of the left ventricular 
end-diastolic pressures to the echocardiographic left 
ventricular end-diastolic dimension is shown in 
Fig. 8. The left ventricular end-diastolic pressures 
and left ventricular end-diastolic dimensions were 
normal in the nine patients with lone right ventricular 
endomyocardial fibrosis. The left ventricular end- 
diastolic pressures were raised and left ventricular 
end-diastolic dimensions diminished in patients with 
left ventricular involvement. 


Discussion 


Endomyocardial fibrosis, first described from Uganda 
in 1948 by Davies,'* is characterised by fibrosis of the 
endocardium and the subendocardial layers of either 
the left or right ventricle, or both. The main fea- 
ture!! !? is deep scarring of the endocardium usually 
Starting at the apex and spreading to the inflow tract, 
eventually affecting the papillary muscles, chordae, 
and posterior cusps of the atrioventricular valves, 
leading to mitral or tricuspid regurgitation. Macro- 
scopically, the heart shows distortion and partial obli- 
teration of the ventricles. There is normally moderate 
hypertrophy, and some hearts are greatly dilated, the 
dilatation mostly being the result of an enlarged right 
and/or left atrium. In right sided endomyocardial 
fibrosis, though there is apical obliteration and distor- 
tion of the cavity, the right ventricular outflow tract is 
dilated. There may be hydropericardium. Angio- 
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graphic studies? !? have shown vigorous pulsation of 
the infundibulum of the right ventricle, tricuspid 
regurgitation, and a grossly dilated right atrium. 

The echocardiographic features of increased right 
ventricular dimension and paradoxical septal motion 
in our patients with right sided endomyocardial 
fibrosis are not specific for endomyocardial fibrosis, 
and may in part result from the associated tricuspid 
regurgitation and/or pulmonary hypertension. This 
does not, however, explain these findings in those 
patients without tricuspid regurgitation or pulmonary 
hypertension. The paradoxical echocardiographic 
finding of increased right ventricular dimension in a 
disease that is characterised by cavity obliteration is 
difficult to explain. A possible explanation may be 
that, as a result of distortion of the heart and its axis, 
the ultrasound beam may be partly traversing the 
dilated right atrium as well as the right ventricle. The 
dilated right ventricular outflow tract and the vigor- 
ous anterior right ventricular wall contractions are in 
keeping with the pathological and angiographic 
findings in this disease, as is the reduced left ventricu- 
lar dimension in left sided endomyocardial fibrosis. 
Apical obliteration of the cavity in right ventricular 
endomyocardial fibrosis, and strong echoes from the 
right ventricular endocardium have been reported by 
Hess et al.!? and Hernandez-Pieretti,!? respectively. 

The aortic and pulmonary valves are not affected in 
endomyocardial fibrosis. Early diastolic murmurs 
have, however, been reported in a few cases of 
haemodynamically and angiographically proven 
endomyocardial fibrosis.5 !? In the series reported by 
Davies and Ball,!'5 in five cases the aortic valve had 
subacute bacterial endocarditis. In the two patients in 
our series with biventricular endomyocardial fibrosis 
in whom an early diastolic murmur was heard, aortic 
root angiograms were normal. Fine fluttering of the 
anterior mitral valve and tricuspid valve echogram 
was observed in these two patients. 

Fine fluttering on an atrioventricular valve in the 
absence of aortic regurgitation, atrial fibrillation, or a 
high flow, is likely to be the result of distortion of the 
ventricular inflow tract and/or the valve apparatus by 
fibrosis. This mechanism may underlie the early 
diastolic murmur present in our two cases. 

The echocardiographic features of left ventricular 
involvement are worth noting. These include a small 
left ventricular dimension, an increase in left atrial 
dimension, and the rather interesting inverse relation 
between the left ventricular end-diastolic pressure and 
end-diastolic dimension. The last is not seen in other 
types of left ventricular disease. Though the echocar- 
diographic features found in our patients are not 
specific for endomyocardial fibrosis, they nevertheless 
are useful in resolving, non-invasively, any problems 
in diagnosis in these circumstances. Patients with 
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constrictive pericarditis have similar clinical and 
haemodynamic features with right ventricular 
endomyocardial fibrosis. The echocardiographic fea- 
tures observed in our patients help to distinguish bet- 
ween right ventricular endomyocardial fibrosis and 
constrictive pericarditis. 

Endomyocardial fibrosis was diagnosed in all clini- 
cally, and confirmed haemodynamically and angio- 
graphically in 15 and at necropsy in one. An attempt 
is made to correlate the echocardiographic findings 
with the haemodynamic findings, and to relate the 
echocardiographic findings to the angiographic 
findings. Though the echocardiographic features are 
not specific for endomyocardial fibrosis, they are 
characteristic, and useful in distinguishing non- 
invasively between endomyocardial fibrosis and other 
diseases which present with similar clinical features. 
In such circumstances, it is suggested that these echo 
features may be considered diagnostic of 
" endomyocardial fibrosis, especially since these other 
conditions, for example rheumatic valvular disease 
and congestive cardiomyopathy, have characteristic 
echo features. 
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Cross-sectional echocardiographic recognition of 
interruption of aortic arch between left carotid and 


subclavian arteries 


JFSMALLHORN, RH ANDERSON, F J MACARTNEY 
From The Hospital for Sick Children, Great Ormond Street, London 


suMMARY Interrupted aortic arch is a rare condition, usually lethal in early infancy without treat- 
ment. The only characteristic feature on conventional non-invasive investigation is peripheral pulse 
inequality, which indicates ductal constriction, and therefore may be absent or transient and pre- 


terminal. 


We report the cross-sectional echocardiographic findings in seven patients with aortic arch inter- 
ruption between the left carotid and subclavian arteries. Their ages were 1 day to 7 months (median 
7-5 days). The arterial connection was concordant in four, double outlet right ventricle in two, and 


truncus arteriosus in one. 


In each case the ascending aorta was small in comparison to the pulmonary trunk. From the 
suprasternal approach the ascending aorta could be seen to terminate in the left carotid artery, and 
the ductus to continue smoothly into the descending aorta, with no vestige of an aortic arch linking 
its ascending and descending portions. The left subclavian artery was seen to arise distal to the 
ductus in all but one patient. All four patients with ventriculoarterial concordance had pronounced 
subaortic stenosis caused by posterior displacement of the infundibular septum. 


Cross-sectional echocardiography therefore provides the only accurate method of non-invasive 


diagnosis of this condition. It permits early treatm 
a planned approach to cardiac catheterisation, an 


subaortic stenosis in this condition. 


Interruption of the aortic arch is a rare congenital 
anomaly, usually lethal in infancy, because of com- 
plete dependence of part of the systemic circulation 
on patency of the ductus arteriosus.’ ? Standard phys- 
ical examination, chest radiography, electrocardiog- 
raphy, and M-mode echocardiography usually do not 
provide the means of specific recognition of the condi- 
tion. Yet neonates with aortic arch interruption 
urgently need administration. of prostaglandins to 
maintain duct patency,’ 5 preferably before cardiac 
catheterisation is initiated. 

Recent advances in imaging of the aortic arch by 
cross-sectional echocardiographic examination from 
the suprasternal notch? led us to believe that aortic 
arch interruption should be diagnosable by this 
method. We therefore report the findings in seven 
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ent with prostaglandins to prevent ductal closure, 
d a further means of investigating the nature of 


patients with aortic arch interruption studied at this 
hospital over the past 14 months. 


Subjects and methods 


Between November 1980 and February 1982, seven 
infants were admitted to The Hospital for Sick Chil- 
dren who turned out to have aortic arch interruption, 
in each case between the left carotid and subclavian 
arteries. In three of these ( Table), angiocardiography 
in another hospital had shown the diagnosis of aortic 
arch interruption, but in the remaining four, the 
diagnosis of aortic arch interruption was prospectively 
and correctly made by cross-sectional echocardiogra- 
phy. A combination of subcostal, precordial, and sup- 
rasternal approaches was used in each patient. Atrial 
situs was established from high kilovoltage filtered 
beam radiographs of the bronchi, and from echocar- 
diography by short axis views of the abdomen to show 
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Table Summary of findings in seven patients with interrupted aortic arch 








Case Age Sex AV connection* VÀ connection VSD Infundibular Angio Confirmation] — Confirmation] 
0. septal preceded of intracardiac of extracardiac 
displacement — echo anatomy anatomy 
l Smth M .Concordant Concordant Perimembranous outlet Posterior + Necropsy Necropsy 
2 2d M Concordant Concordant Muscular outlet Posterior — Angio Surgery 
malaligned 
3 id F Concordant Concordant — Muscular outlet Posterior — Angio Surgery 
malaligned 
4 7d F — Concordant Concordant iria dE Posterior — Necropsy Necropsy 
tra 
5 2mth F  Concordant DORV Inlet muscular and Absent = Angio Angio 
doubly committed 
subarterial (subaortic) 
6 8d M Concordat DORV Perimembranous outlet Anterior + Angio Surgery 
(subpulmonary) 
7 7mth F  Concordant Truncus | Outlet subarterial Absent + Necropsy Necropsy 





*All patients had situs solitus; 1 Most certain level given. 


Angio, angiocardiogram; AV, atrioventricular; d, days; DORV, double outlet right ventricle; echo, echocardiogram; mth, months; VA, 


ventriculoarterial; VSD, ventricular septal defect. 


the relation of the aorta and inferior vena cava to the 
spine. In addition, pulmonary venous and systemic 
venous connections were noted. The atrioventricular 
connection was established from subcostal four- 
chamber views of the atrioventricular junction, 
together with identification of ventricular morphology 
from the appearance of the atrioventricular valves and 
their chordal insertions. The ventriculoarterial con- 
nection was determined from study of the ven- 
triculoarterial junction in subcostal long axis, precor- 
dial long and short axis, and suprasternal cuts. 
Particular attention was paid to suprasternal notch 
examination. The transducer was initially placed in 
the suprasternal notch with its beam in the frontal 
plane of the body. In this cut, the right pulmonary 
artery was imaged in its long axis, lying above the left 
atrium, with the aorta appearing in its short axis. 
Next the transducer was rotated anticlockwise in an 
attempt to trace the aorta in its long axis. In this 
position the origin of the brachiocephalic and left sub- 
- clavian arteries was sought. Particular care was taken 
to try and visualise that part of the aortic arch between 
the left carotid and left subclavian arteries together 
with the isthmus. Next the transducer was rotated 
clockwise until the aorta was visualised in its short 
axis. The scan head was then angled towards the right 
shoulder following the origin of the brachiocephalic 
artery into its carotid and subclavian branches. In this 
procedure care must be taken to trace the artery to the 
„aorta, so that confusion with venous bifurcations does 
not occur. The transducer was then rotated anti- 
clockwise, with angulation towards the patient's left 
shoulder. Initially the pulmonary trunk was visualised 
and then, as the scan head was angled further, the left 
pulmonary artery was seen. The persistent ductus 
arteriosus was imaged lying directly above the left 
pulmonary artery. Great care was taken to visualise 


both aortic and pulmonary ends of the patent ductus. 

The patients were studied with an Advanced Tech- 
nology Laboratory mechanical sector scanner with a 
5 MHz scan head. Images were recorded on % or ?4 
inch video tape and analysed frame by frame using a 
Sony Motion Analyser. Images were obtained from 
stop frames on the analyser using standard Tri-X film 
(ASA 400). Correlation with necropsy findings was 
illustrated by use of specimens from the collections of 
The Hospital for Sick Children, Great Ormond 
Street, the Cardiothoracic Institute, the Brompton 
Hospital, and the Institute of Child Health, Univer- 
sity of Liverpool. 


Results 


. These are summarised in the Table. All patients had 


situs solitus and atrioventricular concordance. The 
ventriculoarterial connection was concordant in the 
first four patients, and double outlet right ventricle in 
two. Case 7 had truncus arteriosus, with separate 
origin of the right and left pulmonary arteries from 
the truncus arteriosus. All of the abnormalities of 
connection were easily recognisable on cross-sectional 
echocardiography. 


AORTIC ARCH INTERRUPTION 

The first clue to the presence of interruption of the 
aortic arch in all patients was the discrepancy between 
the size of the ascending aorta and pulmonary trunk 
(compare Fig. 1 and Fig. 2). In most cases, the 
diameter of the ascending aorta was at the lower limit 
of normal" whereas the pulmonary trunk was huge. 
The size of the pulmonary trunk was such that it was 
possible in most patients to obtain a cut extending 
from the pulmonary valve or just above all the way 
along the pulmonary trunk and through the ductus 
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Fig. 1 The upper left picture is an 
echocardiogram from a case with an 
interrupted aortic arch distal to the left 
carotid. Note the origin of the 
brachiocephalic artery is also seen 
The angiocardtogram is from the same 
patent. The necropsy specimen from a 
different case illustrates the 
anatomical features. AO, aorta 
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Fig. 2 The image on the left is an echocardiogram from a case with interruption showing the ductus arteriosus connecting the main 
pulmonary artery and descending aorta. Note the left subclavian artery arises from the descending aorta. In this cut there is no upper 
descending aorta visible. The specimen on the right is from a different case illustrating the morphological features. DA, ductus 
artenosus; LPA, left pulmonary artery; LSA, left subclavian artery; MPA, main pulmonary artery; AO, aorta. 
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arteriosus into the descending aorta (Figs. 2 and 3). 
This appearance might at first sight have been con- 
fused with that of a transposed aorta continuing into à 
normal aortic arch except that the left pulmonary 
artery (and in six patients the right pulmonary artery 
also (Fig. 3)) could be seen originating from the pul- 
monary trunk in this cut. The left subclavian artery 
was clearly identified apparently arising from the 
descending aorta ( Fig. 2) in all but case 3. The ductus 
arteriosus was a wide open structure with walls as 
smooth as the pulmonary trunk and descending aorta 
(Fig. 4) in the three patients aged 2 months old and 
above. In the remaining four patients, there was a 
greater or lesser degree of ductal constricuon, man- 
ifested as intimal cushions projecting into the lumen 
(Fig. 3). Whether the ductus was wide open or con- 
stricted, however, the superior margin of the pulmo- 
nary trunk continued cleanly into the posterior mar- 
gin of the descending aorta (Fig. 4). 

The ascending aorta could be traced back to the 
aortic valve in all patients except the one with à trun- 
cus arteriosus, in whom the small ascending aorta was 
followed back to a huge common arterial trunk 
(Fig. 4) originating above a quadricuspid truncal 
valve. In all patients the origin of the brachiocephalic 
artery from the ascending aorta was identifiable 

Fig. D, though it was traced to its bifurcation 
(Fig. 5) in only four. In every patent, the left caroud 
artery gave the appearance of an index finger pointing 
towards the neck, with the carotid artery continuing 
smoothly on from the ascending aorta, with no sug- 
gestion of an aortic arch being present at all. Indeed, 
it was only possible in cases 3 and 4 to image the 





This picture is from a patient with interruption of the 

aortic arch. The cut which is suprasternal shows the main, left, 
and nght pulmonary arteries and the ductus in the same plane. 

Note the lumen of the ductus 1s irregular (arrows). RPA, nght 
pulmonary artery (for other abbreviations see Fig. 1 and 2). 


Fig. 3 
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Fig.4 The upper picture ts from a case with interrupnom distal 
to the left carotid, associated with truncus artenosus. Note the 
large ascending trunk and the ductus arteriosus connecting at to 
the descending aorta. The origin of the pulmonary artery 1s also 
seen. The lower picture 1s from the same case and shows the 
ascending aorta to its sue of interruption. AT, ascending trunk, 
PA, pulmonary artery (for remaining abbrevianons see Fig. | 


and 2). 





Fig. 5 


The picture 1s a suprasternal view of the brachocephal 
artery in a case with interruption. Note the artery points to the 
right side (showing a left arch) and divides into the nght carotid 
and subclavian branches. BCA, brachiocephalic artery; RCA, 
right carotid artery; RSA, nght subclatman artery 
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ascending and descending aorta in the same plane 
(Fig. 6). The two were discontinuous and it was clear 
that the ascending aorta continued into the left carotid 
artery without attempting in any way to form a trans- 
verse segment of aortic arch. 


SUBSTRATES FOR SUBAORTIC OBSTRUCTION 

The relative smallness of the ascending aorta already 
mentioned extended to the aortic valve and subaortic 
region in all patients except the one with truncus 
arteriosus. In those patients with ventriculoarterial 
concordance, the long axis cut of the left ventricle 
showed posterior displacement of the infundibular 
septum of a pronounced degree in each case. In cases 
2 and 3, in whom a ventricular septal defect of muscu- 





Fig.6 This picture ts from a case with interruption distal to the 
left carotid. Note the site of interruption is clearly seen, but in this 
patient the upper descending aorta can be visualised 1n the same 
cut, and 1s of a reasonable calibre. AA, ascending aorta; DA, 
descending aorta; IA, interrupted aorta; LAA, left atrial 
appendage. 
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lar outlet type appeared small in the long axis cut, 
malalignment between the trabecular and infundibu- 
lar septa was obvious. The superior portion of the 
infundibular septum lay in line with the trabecular 
septum, but as the infundibular septum was followed 
inferiorly, it curved posterior to the trabecular septum 
(Fig. 7). This malalignment was not so obvious in 
cases ] and 4, where the ventricular septal defect was 
much larger and involved the perimembranous reg- 
ion. In each case, however, the posterior displacement 
of the infundibular septum gave the appearance of 
severe subvalvular aortic stenosis. Interestinglv, in 
the first patient there was only a 5 mmHg systolic 
gradient between left ventricle and ascending aorta, 
and in cases 2, 3, and 4 there was no gradient at all 
between these sites. The subaortic region appeared 
crowded in case 6, who had double outlet right ventri- 
cle with a subpulmonary ventricular septal defect, but 
no pressure was available in the ascending aorta. 
Thus, the only two patients in whom there was no 
echocardiographic suggestion of subaortic obstruction 
were the patient with a truncus, and the patient with 
double outlet right ventricle with a large subaortic 
ventricular septal defect extending to the junction 
between the aortic and pulmonary valves. 

The only patient with an atrial septal defect was 
case 6, who had had a balloon atrial septostomy else- 
where. Pronounced bulging of the atrial septum from 
left to right was seen in cases 3 and 5. In the remain- 
der the position of the atrial septum was more or less 
normal. 


Discussion 


Interruption of the aortic arch is a rare condition, 
occurring in 19 per million live births in the New 





e- 


The picture on the left is a parasternal long axis cut from a case with interruption. Note the posterior displacement of the 


infundibular septum into the left ventricular outflow tract. The ventricular septal defect (indicated by the arrows) is muscular, and 
situated in the infundibular septum. The specimen on the right is cut in the same plane and shows the echocardiographic features, 
though it is from a different patient. AO, aorta; IS, infundibular septum; LA, left atrium; LV, left ventricle; RV, nght ventricle. 
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England regional infant cardiac program. The sex 
incidence is equal! About 10% of patients have 
DiGeorge syndrome (thymic aplasia), and about 4096 
have serious associated non-cardiac congenital 
abnormalities.? Nearly all patients present as neonates 
in severe intractable heart failure: 8096 are admitted to 
a specialist hospital within 2 weeks and 9396 by 1 
month.!? In necropsy series from children's hospitals, 
the median age at death was 4? and 10! days, respec- 
tively. Though this is bound to present a somewhat 
pessimistic view of the natural history, it does under- 
line the exceedingly poor prognosis of this condition. 

Interruption occurs very occasionally between the 
two carotid arteries. In the remaining cases interrup- 
tion between the left carotid and subclavian arteries is 
slightly commoner than interruption distal to the left 
subclavian artery at the isthmus.! By sheer chance, all 
the patients in this series had interruption distal to the 
left carotid artery. 

Very occasionally, interrupted arch occurs as an iso- 
lated phenomenon, in which case descending aortic 
blood flow is maintained from systemic collateral cir- 
culation.!! In the vast majority of cases, however, par- 
ticularly those presenting in the neonatal period, 
blood flow to the descending aorta is provided by a 
right to left shunt through the ductus arteriosus. This 
in turn depends upon there being pulmonary hyper- 
tension, and a pulmonary vascular resistance 
sufficiently high to ensure right to left shunting 
through the ductus arteriosus. In the majority of 
cases, pulmonary hypertension is maintained by the 
coexistence of a large ventricular septal defect without 
pulmonary stenosis. Much more rarely, an aortopul- 
monary window serves the same purpose.!? A left to 
right shunt through the ventricular septal defect tends 
to bring the saturations in the aorta and pulmonary 
artery close together, so that differential cyanosis on 
either side of the aortic arch interruption is extremely 
rare.!? Furthermore, while the ductus remains widely 
patent, the pulses distal to the interruption are well 
maintained. Indeed, pulse inequality has been men- 
tioned as a distinctive physical sign!9? !^ only in more 
recent descriptions of aortic arch interruption. This is 
presumably because the sign is often only transitorily 
present. Such pulse inequality may take various 
forms, according to the site of interruption and the 
origin of the subclavian arteries. Ductal constriction 
invariably reduces the femoral pulses. If both subcla- 
vian arteries originate distal to the interruption, duc- 
tal constriction will in addition reduce the arm pulses, 
leaving only the carotid and superficial temporal 
pulses spared. More commonly, the left arm pulse is 

reduced by comparison with that in the right arm, 
indicating interruption distal to the left carotid with 
normal origin of the right subclavian artery. In 
theory, interruption between the brachiocephalic and 
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left carotid artery should result in inequality between 
the two carotid or superficial temporal arteries. Whai- 
ever the precise nature of the pulse inequality, it 
reflects ductal constriction. If the patient survives, it 
is because the ductus has reopened, and the pulse 
inequality will have disappeared. If the ductus goes on 
to close, the patient will become moribund and no 
pulses will be palpable. Hence, unless this transitory 
physical sign is detected, there is no specific clue in 
the standard investigation of the patient, including 
M-mode echocardiography, to suggest the presence of 
interruption of the aortic arch. Yet the rapidity of 
normal neonatal ductal closure means that it is highly 
desirable to be able to make the diagnosis of aortic 
interruption before pulse inequality is found. 

This study clearly shows that correct non-invasive 
diagnosis is possible with cross-sectional echocardiog- 
raphy. The appearance of the ascending and descend- 
ing aorta in no way resembles a normal aortic arch, 
even one affected by coarctation or isthmal hypop- 
lasia. The “‘pointing finger" appearance of the left 
carotid artery corresponds to the characteristic **V- 
sign" on angiocardiography.!^ Both are the result of 
the ascending aorta continuing into the carotid artery 
instead of into the aortic arch. The reason that the 
*V-sign" is not so well seen on cross-sectional 
echocardiography is that the carotid and 
brachiocephalic arteries lie in different planes, such 
that it is not possible to image the ascending aorta in 
continuity with the carotid artery, and in the same 
plane see anything more than the beginning of the 
brachiocephalic artery (Fig. 1). Failure to demons- 
trate the ascending and descending aorta in the same 
cut, as occurred in all but two of our patients, may be 
surgically relevant, since it suggests a wide gap bet- 
ween the two. 

It is important to trace all the branches of the aorta, 
if at all possible, because it 1s not sufficient to guess 
the origin of an artery which is not seen. This is par- 
ticularly true of the subclavian arteries, which may be 
isolated, that is arising via a second ductus from the 
pulmonary artery! !6 or else much more frequently, in 
the case of the right subclavian, may originate 
anomalously from the descending aorta. We were not 
successful in every case in identifying both subcla- 
vians, but believe this reflects lack of practice more 
than an insoluble technical problem. We also know in 
the cases studied that the right subclavian arose 
directly from the brachiocephalic artery. The left sub- 
clavian artery, when identified, gave the appearance 
of originating from the descending aorta. In sensu 
strictu there is, of course, a segment of isthmus (trans- 
verse arch) between descending aorta and subclavian, 
and this may be the substrate for the stenosis noted at 
the origin of the left subclavian in this type of inter- 
ruption by Dische and colleagues.!! Such a stenosis 
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was not observed. in these patients. 

Once the diagnosis is established by cross-sectional 
echocardiography, in the neonate, prostaglandin infu- 
sion should be started?" 5 whether or not there is any 
evidence of ductal closure or constriction. This means 
that the patient can go to the cardiac catheterisation 
laboratory in the best possible condition, and that the 
invasive study can be carried out with emphasis on 
any features which have not been clearly shown by 
cross-sectional echocardiography. In this particular 
condition, we do not recommend surgery without 
cardiac catheterisation and  angiocardiography, 
because there are still too many unanswered questions 
about what management is optimal. 

The most striking of these problems is the role of 
subaortic stenosis. While the presence of subaortic 
stenosis caused by posterior displacement and rota- 
tion of the infundibular septum has clearly been 
described at necropsy,!?!? by angiocardiography,!5 
and now by cross-sectional echocardiography, in the 
majority of cases the anatomical abnormality has not 
been associated with a pressure gradient between the 
ventricles and the ascending aorta. This may in part 
be the result of a hitherto unmeasurable, but probably 
low, flow through the aortic valve. Though closure of 
the ventricular septal defect in such cases should not 
of itself increase the degree of left ventricular outflow 
tract obstruction, since the ventricular septal defect is 
upstream to the infundibular septum, postopera- 
tively, the left ventricle will have to eject its entire 
stroke volume through the subaortic region, instead 
of shunting most of this left to right through the ven- 
tricular septal defect. It was Tyson and colleagues!? 
who originally suggested that in those patients with 
subaortic stenosis, the preferred operation was anas- 
tomosis of the pulmonary trunk to the descending 
aorta, with banding of the pulmonary arteries distal to 
the anastomosis, rather than any repair involving 
restoration of aortic continuity. Unfortunately, we do 
not know what the degree of subaortic obstruction 
was in those patients who have survived or not sur- 
vived definitive surgery. It seems very likely, how- 
ever, that some of the high mortality of surgery for 
this condition is the result of unrelieved subaortic 
stenosis. Cross-sectional echocardiography therefore 
provides not only a highly accurate means of making 
the diagnosis of aortic arch interruption, but also a 
further means of examining the subaortic region, 
which should, in the long run, help with optimal sur- 
gical management of this condition. 
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SUMMARY Congenital complete atrioventricular block is uncommon, and the outlook is usually 
regarded as favourable. Thirty-five patients with congenital heart block are presented. There was no 
obvious sex difference and their ages ranged from 12 days to 85 years, though most were under the 
age of 20 years when first seen. Accompanying heart disease was noted in six, but presentation with 
symptoms in early infancy was a more serious risk factor in our experience. Permanent pacing was 
required in 21, three of whom were neonates. One of the 14 unpaced patients died unexpectedly at 
the age of 5 years. Long term supervision is necessary, as most will require permanent pacing before 


their 50th birthday. 


Acquired third degree atrioventricular heart block in 
adults is relatively common, being attributed most 
frequently to degeneration of the fibres in the con- 
ducting system.! Congenital complete heart block, by 
contrast, is rare. It was first described by Morquio,? 
who reported a family in which several sibs had pro- 
nounced bradycardia and syncopal attacks, with death 
in early childhood. We encountered 35 patients with 
congenital heart block, and the purpose of our paper 
is to try and assess the incidence of the condition in 
our region, the possible prognosis, and from the study 
to define the indications for establishing permanent 
pacing. 


Patients and methods 


Over a period of 18 years (1962 to the end of 1980) we 
encountered in our region in south-west Scotland a 
total of 35 patients with congenital complete atrioven- 
tricular block. All fulfilled the criteria defined by 
Yater?: a slow heart known to have been present from 
birth or from a very early age; the absence of a history 
of diphtheria or other myocarditis which might cause 
heart block; no evidence of ischaemic heart disease or 
cardiomyopathy; no previous cardiac surgery. 
Fifteen of the patients were male and 20 female. 
The age at presentation is tabulated (Table 1). The 
youngest patient was 12 days old and the oldest was a 
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man of 85 years known to have had a slow heart rate 
since early childhood and who was subsequently dis- 
charged from military service in the first world war on 
this account. He remained symptom free until his 
mid-eighties when he developed syncopal attacks and 
was referred for permanent pacing. 

Of the four who presented in early infancy, three 
had symptoms and required early, permanent pacing, 
while the fourth who had no symptoms was disco- 
vered to have bradycardia on routine medical exami- 
nation. The remaining patients were referred in later 
childhood or early adult life because of the finding of a 
slow heart rate, with or without symptoms. Long - 
term supervision was considered mandatory in all. 
Twenty-one patients required the insertion of a per- 
manent pacemaker and they are considered separately 
from, and compared with, the 14 who were not paced. 


ACCOMPANYING CARDIAC DEFECTS 

Six of our patients (17%) had accompanying congeni- 
tal cardiac defects. These comprised three with ven- 
tricular septal defect, two with persistent ductus 
arteriosus, and one with coarctation of the aorta with 


Table 1 Age in years at presentation of 35 patients with 
congenital heart block 





0-11/2 14 5-9 10-19 20-29 230 
4 2 8 13 5 3 
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persistent ductus arteriosus. In the remaining 29 con- 
genital heart block was the sole anomaly. 


Results 


PERMANENT PACING 

Permanent pacemakers were inserted into 21 patients 
because of symptoms comprising either syncopal 
attacks or signs of early cardiac failure. Only one had 
an accompanying cardiac defect, an infant of 3 weeks 
old in cardiac failure with coarctation of aorta. This 
was repaired surgically and a pacemaker implanted as 
an emergency procedure. The age at which pacing 
was established is set out in Table 2. 

The three youngest patients were aged 12, 21, and 
22 days. Emergency pacing was required because of 
frequent syncopal attacks in two and of advanced car- 
diac failure in one. At thoracotomy the pacing leads 
were anchored to the external surface of the heart and 
attached to a generator embedded either in the cos- 
tophrenic sulcus or subcutaneously in the anterior 
abdominal wall. A small mercury chloride Medtronic 
pacemaker with a rate set at 120 a minute was used 
and replaced at two years and again at five years by a 
larger lithium generator. 

There were no deaths or complications in the 
pacemaker group. All have been followed up and have 
remained well one to 12 years since the start of pacing. 


PATIENTS NOT PACED 

Fourtaen patients did not undergo permanent pacing. 
One of these, a 5 year old boy, died quite suddenly 
and unexpectedly at home after a short illness accom- 
panied by diarrhoea and vomiting. He had been free 
from symptoms and had no obvious accompanying 
cardiac defect. The electrocardiogram had shown 
complete heart block, with a resting heart rate of 47 
and a normal QRS and QT interval. No obvious cause 
of death was found at necropsy. 

Only one patient developed symptorns, a girl who 
at the age of 18 years experienced several mild syn- 
copal attacks. In view of the unreliability of pacemak- 
ers at the time (1963), treatment with sustained 
release isoprenaline was started as an alternative. The 
attacks became less troublesome and eventually dis- 
appeared. Subsequently she had three uneventful 
pregnancies, and now at the age of 36 years is well 
with only mild dyspnoea. The resting heart remained 
unaltered at 44 a minute. 


Table2 Age in years at pacemaker implantation in 21 patients 
with congenital heart block 


0-110112 14 5-9 10-19 20-29 30-49 >50 
3 -0 0 5 2 9 2 
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Table 3 Present age in years of 13 unpaced patients with 
congenital heart block 





0-11/12 — 1-4 5-9 10—19 20-29 30-39 
l 1 2 3 5 1 





The remaining 12 in this group were referred in late 
infancy, later childhood, or adult life because a slow 
heart rate had been found on routine examination. All 
remained well. The current age of the surviving non- 
paced patients is as shown (Table 3). 


ANALYSIS OF ELECTROCARDIOGRAM AND HEART 
RATE 

The electrocardiograms of all the patients were closely 
studied to find out whether there were any differences 
between those who required pacing and those who did 
not. The heart rate varied from 38 to 60, but in no 
patient did the QRS complex exceed 0-12 second. The 
QT interval measured 0-48 in one patient only, an 
infant of 21 days who required emergency pacing. In 
the remaining 34 the QT interval was less than 0-43 
second. 


ATTEMPT AT ASSESSING PROGNOSIS IN 
CONGENITAL HEART BLOCK 

Emergency pacing was necessary in three out of four 
who presented in early infancy (Tables 1 and 2). The 
remaining 31 were first seen after the age of 1 year and 
none required a pacemaker until the second decade of 
life. Of these 31, 18 eventually required pacemakers, 
most of them between 10 and 49 years. Only two 
patients survived beyond their 50th birthday without 
the need for permanent pacing. . 


Discussion 


In the absence of any reliable figures, it is difficult to 
define precisely the incidence of congenital complete 
heart block in the community. It is relatively uncom- 
mon compared with the incidence of acquired heart 
block in adults. Keith and his associates at Toronto 
Children's Hospital^ found 90 cases of congenital 
heart block out of 15 104 patients with congenital 
heart disease between 1950 and 1973. In an interna- 
tional study from 44 paediatric centres in Europe, the 
United States, Canada, and Mexico? a total of 599 
infants and children with congenital heart block was 
collected. It was estimated from this study that the 
incidence lay between one in 15 000 and one in 20 000 
live births. The annual birth rate for south-west Scot- 
land (population approximately three million) for the 
last few years has been 40 000 which would produce 
two cases of congenital heart block each year. In 18 
years (the period under review in our study) the figure 
would be 36, which corresponds very closely with the 
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total number we encountered. 

Several histological studies have been reported in 
congenital heart block in an attempt to localise the site 
of block and its cause.®~8 In a further study on post- 
mortem specimens the presence of aberrant fibrous 
tissue either at the level of the atrioventricular node or 
the atrioventricular bundle was demonstrated his- 
tologically.? The conclusion was that this tissue inter- 
rupted normal conduction pathways, producing dis- 
continuity between the atria and atrioventricular node 
or between the node and ventricular conducting tis- 
sues. His bundle studies may help to localise the site 
of the block.!?!! In congenital heart block with no 
accompanying cardiac lesion this is situated most fre- 
quently proximal to the bundle of His.!? We did not 
carry out any His bundle recordings in any of our 
patients. 

Recently several observers reported an association 
between congenital heart block in newborn infants 
with maternal connective tissue disease, particularly 
systemic lupus erythematosus.!? !9 We were unable 
to trace any such relation in any of our patients on 
clinical grounds, though laboratory evidence was not 
available in all of them. 

The prognosis in congenital heart disease particu- 
larly when there is no accompanying heart defect 
appears to be favourable according to reports.* 5 It can 
be compatible with normal growth and develop- 
ment,!? and some patients have survived to their 40's 
or even 60's without pacing. !? !? In rare isolated cases, 
return to sinus rhythm has occurred spontane- 
ously,2°2! though this is more likely in heart block 
complicating surgical repair of congenital cardiac 
defects.22~24 Successful pregnancy in patients with 
congenital heart block, who have not been paced, has 
been reported.25 One of our unpaced patients had 
three uneventful pregnancies despite previous syn- 
copal attacks. 

Such a favourable prognosis is not uniform 
throughout childhood and early adult life in all cases 
of congenital heart block. Fatal Adams-Stokes attacks 
occasionally occur in children,?6 and one of our 
patients died unexpectedly at the age of 5 years, pre- 
sumably from this cause. Certainly prophylactic pac- 
ing in childhood is unnecessary in most, particularly 
as morbidity associated with pacemakers is more 
likely to be the result of repeated electrode trauma 
and displacement of pacing leads caused by growth.?? 

In attempting to assess prognosis and the need for 
pacing, Moltham and his colleagues?$ suggested that a 
wide QRS with or without left bundle-branch block 
was ominous, while a QT interval exceeding 0-43 was 
considered a serious risk factor predicting the early 
onset of symptoms.?* We did not find any significant 
abnormalities on the electrocardiogram in our 
patients, apart from a prolonged QT in one. What 
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may be more helpful in defining which patients may 
require early pacing before the development of symp- 
toms is the application of controlled exercise testing. 
Taylor and Godífrey?? studied four patients with con- 
genital heart block on a bicycle ergometer. Two were 
able to achieve normal maximum work even though 
they did so without reaching a satisfactorily increased 
cardiac output and with a very low oxygen content of 
venous blood. Winkler and his colleagues from Bos- 
ton?? subjected 25 children with complete heart block 
to maximum exercise testing on the treadmill using 
the Bruce protocol and compared the results with 
those of 50 normal children and young adults used as 
controls. Seventeen (6896) out of the 25 with heart 
block had significant and frequent ventricular ectop- 
ics on the electrocardiogram during exercise com- 
pared with only one (296) out of the 50 controls. This 
finding they concluded could be a bad prognostic fac- 
tor for possible sudden death. We did not subject any 
of our patients to exercise testing, but this appears to 
be a promising single and safe means of helping to 
assess the need for pacing in asymptomatic patients 
with congenital heart block. This is nowadays much 
more relevant, with the striking developments and 
improvements in reliability of pacemakers over the 
last few years. 

Patients with congenital heart block presenting 
with symptoms in early infancy require emergency 
pacing. Accompanying congenital heart disease con- 
stitutes an additional risk factor. This was present in 
30% of the patients in the international series reported 
by Michaélsson and Engle? and undoubtedly affected 
the outcome adversely. It was found in only six (1796) 
of our 35 patients. Most, however, do not require 
pacing in childhood, but an increasing number do so 
from the second decade onward. Life-long supervi- 
sion is imperative, as most will require a permanent 
pacemaker before the age of 50 years. 
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Absent left atrioventricular connection with right 
atrium connected to morphologically left ventricular 
chamber, rudimentary right veniricular chamber, and 
ventriculoarterial discordance 

Problem of mitral versus tricuspid atresia 
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SUMMARY Four cases of absent left atrioventricular connection are reported. The observations from 
these cases have been used to emphasise problems concerning the use of the confusing terms 
“tricuspid” and “mitral” atresia to describe such hearts. One of the four cases represents a very 
uncommon condition since the rudimentary chamber was contralateral to the side of the absent 
atrioventricular connection. The morphology of the conduction system has been elucidated with 
emphasis given to the surgical implications of these anomalies. 


Atrioventricular valve atresia has become the subject 
of increased interest since the development of innova- 
tive surgical treatment.! Only recently, however, has 
the anatomy of these syndromes been clarified with 
emphasis to the differentiation of an absent atrioven- 
tricular connection and an imperforate atrioventricu- 
lar valve.” It has also been pointed out that when one 
atrioventricular connection is absent, the morphology 
of the patent atrioventricular valve is highly variable 
and poorly identifiable. Consequently it has been sug- 
gested that it is more accurate to distinguish these 
cases as absent right or left atrioventricular connec- 
tion rather than tricuspid and mitral atresia.? More 
recently, however, the advisability of this concept has 
been questioned.? In the light of this correspondence, 
we report here four pertinent cases with absent left 
atrioventricular connection. The findings in these 
hearts strongly support the remarks of one of us in an 
earlier paper.^ All the hearts had main ventricular 
chambers of left ventricular type. Two cases had the 
` rudimentary right ventricular chamber on the same 
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side of the absent connection, the usual pattern. One 
case, in contrast, had the rudimentary chamber on the 
opposite side to the absent atrioventricular connec- 
tion.5$ The final case is even more fascinating since 
the rudimentary right ventricular chamber was more 
or less directly anterior. 


Case reports 


CASE 1 

The heart was situated in the left hemithorax, with 
the apex to the left. There was a left aortic arch (Fig. 
la). Atrial situs solitus was present with normal ven- 
ous connections. The right atrium was enlarged. The 
left atrium showed an accessory superior chamber 
into which four pulmonary veins drained. It was ob- 
structed at its junction with the main atrial chamber, 
which received two large pulmonary veins. The left 
atrial floor was completely muscular, having no con- 
nection with the ventricular mass (Fig. 1b). The atrial 
septum showed a patent foramen ovale. The ventricu- 
lar mass was largely made up of a left ventricular 
chamber. It was connected with the right atrium 
through an atrioventricular valve of uncertain mor- 
phology (Fig. 1c) Two leaflets were tethered by large 
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anterior and posterior papillary muscles. The inter- 
ventricular communication, which looked obstructed 
since it was covered by the atrioventricular valve 
mural leaflet, led to a hypoplastic right sided and 
anterior rudimentary chamber of right ventricular 
type which showed a prominent trabecular portion 
and extremely short infundibular segment (Fig. 1d). 
The aorta arose from the rudimentary chamber, being 
anterior and to the right of the pulmonary trunk 
which arose from the main left ventricular chamber. 
The pulmonary valve was in fibrous continuity with 
the solitary atrioventricular valve. The ascending 
aorta and the arch appeared moderately hypoplastic. 
A persistent ductus arteriosus was present. 

Fig. 2 shows a diagrammatic representation of the 
conduction system as judged from inspection of the 
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Fig. 1 The cardiac morphology in 
case 1. (a) The anterior view of the 
heart. The dotted line shows the 
position of the rudimentary nght 
ventricular chamber. ( b) The absent 
left atrioventricular connection. (c) 
The night atrium connected to a left 
ventricular chamber. (d) The opened 
rudimentary right ventricular 
chamber, the right atrioventricular 
(AV) valve being seen covenng over 
the interventricular communication 
(IVC). 





heart. The atrioventricular bundle was not in direct 
relation with the posterior pulmonary outflow tract. 


CASE 2 

The aortic arch and cardiac apex were to the left (Fig. 
3a). Atrial situs solitus with normal venous connec- 
tions was found. The left atrium had no connection 
with the ventricular mass. A patent foramen ovale was 
present. The main left ventricular chamber was con- 
nected with the right atrium through an atrioventricu- 
lar valve of atypical morphology which showed three 
leaflets (Fig. 3b). A third papillary muscle was 
attached to the trabecular septum. The interventricu- 
lar communication was displaced leftwards, leading to 
a rudimentary chamber of right ventricular type 
which was mostly on the left (Figs 3a, 3c). The 
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Fig. 2 A representation of the 
conduction tissue disposition tn case 1. 
The main draunng shows the site of the 
atnoventncular conduction axis as would 
be seen through an incision m the left side 
of the left ventricular chamber (compare 
with Fig. 3d). The inset shows the course 
of the bundle relative to the nght 
atnoventncular and pulmonary valves as 
would be seen by the surgeon approaching 
via the right atrium. 


Fig. 3 The cardiac morphology of 
case 2. (a) The anterior view of the 
heart. Despite the left ded position of 
the rudimentary right ventricular 
chamber (dotted lines) the aorta 1s to 
the nght of the pulmonary trunk. ( b) 
The nght atnoventricular valve 
connecting night atrium to a left 
ventricular chamber. (c) The opened 
rudimentary right ventricular 
chamber. (d) The main left 
ventricular chamber opened through a 
left sided incision. The site of the 
conduction tissues has been 
superimposed (compare with Fig. 2). 
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Fig. 4 Representation of the 
Pulmonary conduction tissue disposition in case 2. 
lA Trunk /U The main drawing shows the view as 
illustrated in Fig. 3d while the inset 
gives the surgeon’s view as seen 
through the nght atrioventricular 
valve. 
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Fig. 5 The cardiac morphology of 
case 3. (a) An antenor view with the 
directly antenor position of the 
rudimentary nght ventricular chamber 
marked. (b) The absent left 
atrioventricular connection. (c) The 
opened rudimentary chamber. (d) The 
morphology of the nght 
atrioventricular valve. 
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Fig. 6 The conduction tissues from case 
4. (a) The regular atnoventricular node at 
the apex of the mangle of Koch which 
makes no connection with the ventncular 
conduction tissues. (b) The anterolateral 
node giving nse to the penetrating bundle. 
(c) The bundle running intramyocardially 
around the antenor quadrant of the 
pulmonary trunk. (d) The 
bundle-branches to either side of the 
interventricular septum. 
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rudimentary chamber showed a prominent trabecular 
portion and a very short infundibular segment, giving 
origin to a normally sized aorta, there being no ob- 
struction of the interventricular communication (Fig. 
3c). Despite the leftward position of the rudimentary 
chamber, the aorta was found to be on the right and 
anterior to the pulmonary trunk (Fig. 3c). The pul- 
monary trunk arose from the main left ventricular 
chamber in fibrous continuity with the patent 
atrioventricular valve (Fig. 3b). A ductus arteriosus 
was also present in this case. 

In Fig. 4 the course of the conduction tissue is 


shown as judged from the gross examination of the 
heart. Note that the non-branching bundle encircles 
the subpulmonary outflow tract. 


CASE 3 

There was left sided position of the aortic arch and 
cardiac apex (Fig. 5a). Atrial situs solitus with normal 
venous drainage was encountered. The left atrioven- 
tricular connection was absent (Fig. 5b). The atrial 
septum showed evidence of balloon septostomy. The 
right atrium communicated with the main left ven- 
tricular chamber through an atrioventricular valve 
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which showed two leaflets (Fig. 5c). Anterior and 
posterior papillary muscles were present. A good 
sized interventricular communication was found to be 
anterior and to the left of the ventricular mass leading 
to a rudimentary chamber of right ventricular type 
which showed a prominent trabecular component and 
very short infundibular segment (Fig. 5d). The 
rudimentary chamber was more or less anterior in 
relation to the main chamber; the rudimentary 
trabecular component, however, was unequivocally 
on the right. The aorta arose from the rudimentary 
chamber and was anterior and to the right of the pul- 
monary trunk (Fig. 5a). The pulmonary trunk, taking 
origin from the main chamber, was in fibrous con- 
tinuity with the patent atrioventricular valve. Both 
great arteries were of normal size and a persistent 
ductus arteriosus was present. 

The conduction tissue disposition was as illustrated 
in Fig. 4. 


CASE 4 

The aortic arch and cardiac apex were to the left. 
Atrial situs solitus with normal venous connections 
was present. Absence of the left atrioventricular con- 
nection was found, with a patent foramen ovale on the 
atrial septal surface. The right atrium connected with 
the main left ventricular type chamber through an 
atrioventricular valve which was of mitral morphol- 
ogy, having paired papillary muscles. The interven- 
tricular communication was to the left of the ventricu- 
lar mass and was somewhat restrictive. It led to a left 
sided rudimentary chamber of right ventricular type 
which showed the same prominent trabecular compo- 
nent and a very short infundibular segment as 
encountered in the three previous cases. The aorta, 
arising from the rudimentary chamber, was anterior 
and to the left of the pulmonary trunk. Aortic arch 
and isthmal hypoplasia were found. The pulmonary 
trunk arose from the main chamber with the atrioven- 
tricular valve. Persistent ductus arteriosus was also 
present. 

In this case the entire right atrioventricular junction 
was sectioned to show the disposition of the conduc- 
tion tissues. The regular node in the atrial septum 
made no contact with the ventricular myocardial tis- 
sues, being a blind-ending structure (Fig. 6a). 
Instead, an anomalous anterolateral node was found 
(Fig. 6b) which gave rise to a penetrating atrioven- 
tricular bundle. This penetrated to the right of the 
pulmonary trunk. A long non-branching bundle (Fig. 
6c) then encircled the anterior quadrant of the pul- 
monary valve before descending into the right margin 
of the interventricular septum, where it branched on 
its left ventricular aspect well below the septal crest 
(Fig. 6d). A right bundle-branch then penetrated 
through the septum into the rudimentary right ven- 
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tricular chamber while the left bundle-branch rami- 
fied on the left ventricular surface. The overall dis- 
tribution of atrioventricular conduction tissue was as 
shown in Fig. 4. 


Discussion 


In the past it has been customary to classify the 
atrioventricular valve atresias simply as tricuspid 
atresia and mitral atresia. Only recently has the full 
anatomy of the lesions been discussed with regard to 
the clinical ability to differentiate an absent atrioven- 
tricular connection from an imperforate atrioventricu- 
lar connection.” In the light of these findings, it has 
been suggested that, when one atrioventricular con- 
nection is absent, it is preferable to distinguish 
absence of the right sided and left sided connections 
rather than nominating the conditions as tricuspid or 
mitral atresia. This is because, since the essence of the 
anomaly is absence of the atrioventricular connection, 
it can never be known with certainty whether, had the 
connection developed, it would have been guarded by 
a mitral or a tricuspid valve. 

In the hearts herein described, the right atrium 
communicated always with a left ventricular chamber 
and always there was ventriculoarterial discordance. 
The difference in the four cases related only to the 
position of the rudimentary right ventricular 
chamber. In two cases the chamber was left sided, as 
usually described in this entity, but in one it was right 
sided and in the other it was directly anterior. All this 
is vital information in the light of the recent sugges- 
tion by Gittenberger-de Groot and Wenink? that all 
hearts with valve atresia should be distinguished as 
having mitral or tricuspid atresia according to the ven- 
tricular architecture present. They indicated that ven- 
tricular architecture could be deduced from knowing 
the ventricular relations, and then from this informa- 
tion the nature of the atretic valve could be inferred. 
If we apply this process to our cases, then presumably 
a diagnosis of “mitral atresia” would be made in the 
case with right sided rudimentary chamber and 
“tricuspid atresia’? in the cases with left sided 
rudimentary chamber. But what of the case with 
directly anterior chamber? Furthermore, if we 
examine the case with right sided rudimentary 
chamber (presumed d-bulboventricular loop), one 
would expect the solitary atrioventricular valve to be 
of tricuspid morphology. Instead, we find it to be 
more reminiscent of mitral morphology. Conversely, 
considering the second case with a left sided rudimen- 
tary chamber (presumed 1-loop), a solitary mitral 
valve would be expected. Surprisingly, the valve pres- 
ent is reminiscent of a tricuspid valve. 

What this shows is that the conclusion that one can 
categorise all valve atresias as mitral or tricuspid from 
inferential evidence concerning ventricular architec- 
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ture is palpably incorrect. In the cases we studied, 
architecture could certainly not be predicted with 
accuracy from knowledge of the ventricular relations. 
It may be possible to make a more accurate judgement 
knowing the morphology of the atrioventricular valve 
present, but this information is unlikely to be avail- 
able to the clinician. Thus, the concept offered by 
Gittenberger-de Groot and Wenink? may be of value 
to the morphogeneticist, but is unlikely to be of great 
help to the clinician, since it is not based upon mor- 
phological features as observed by the clinician. We 
submit that it is far more accurate, more comprehen- 
sive, and more useful simply to describe absence (or 
atresia) of the right or left atrioventricular connection 
and then to describe the chamber combinations pres- 
ent. This gives the information required by the clini- 
cian, and at the same time gives all the evidence 
required by the morphogeneticist to make deductions 
concerning the nature of the atretic connection if this 
is so desired. 

From this discussion, it can be seen that in no way 
do we deny the value of the looping concept promoted 
by Van Praagh et al.? as a mechanism for the under- 
standing of congenital heart disease. Indeed, Wein- 
berg, working with Van Praagh and others,’ has 
shown more recently how it is essential to describe the 
loop (ventricular architecture) in those rare cases 
where it is incongruous for a given atrial situs and 
atrioventricular connection. Our own group? has 
further emphasised the need for describing the ven- 
tricular architecture in hearts with ambiguous 
atrioventricular connection. But the feature of all 
these hearts (that 1s those with biventricular atrioven- 
tricular connections) is that the architecture can be 
readily identified in terms of the imaginary placement 
of the palmar surface of the observer’s hand on the 
septal surface of the morphologically right ventricle 
with the thumb in the inlet, the wrist in the trabecular 
component, and the fingers in the outlet.!? In this 
way, right hand (typical for the normal) and left hand 
(typical for “ventricular inversion") patterns can be 
easily appreciated. It is much harder to determine 
ventricular architecture when the atria connect to only 
one ventricular chamber (univentricular atrioven- 
tricular connection), particularly when the ventricle is 
of left ventricular or indeterminate morphology. This 
is because the inlets in such hearts are either con- 
nected to the same ventricle, or else one inlet is 
absent. It is not therefore possible to “anchor one’s 
thumb” when trying to “place the imaginary hand” 
on the septal surface of the morphologically right ven- 
tricular chamber (or, in the indeterminate hearts, to 
find a septum). Because of this we find it difficult to 
apply the “loop convention” in hearts with univen- 
tricular atrioventricular connection such as presently 
described. Moreover, we can see neither a need nor 
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any relevance, from the clinician’s or surgeon’s view 
point, to attempt so to identify the “loop’ or the 
imagined morphology of the absent valve. The first 
case presently described deserves particular comment 
since it represents a very uncommon condition. Usu- 
ally absence of one atrioventricular connection is 
associated with presence of the rudimentary ventricu- 
lar chamber on the same side as the absent connec- 
tion. Two cases, however, were reported by Quero,5 $ 
with the rudimentary chamber on the opposite side to 
the absent connection. Subsequently a few additional 
cases have been described!'? and angiocardio- 
graphic documentation has been reported.!^ In his 
original report, Quero indicated that the right sided 
position of the rudimentary right ventricular chamber 
pointed to the existence of mitral atresia, again using 
the loop to predict the nature of absent connection. 
He then suggested that this was most unusual, since 
with mitral atresia it would be expected for the left 
ventricular chamber to be hypoplastic and the right 
ventricular chamber to be the main ventricular 
chamber. He expressed this in terms of normal 
development, rather than hypoplasia, of the topo- 
graphically homologous ventricle. At that time, how- 
ever, the distinction had not been made between 
atrioventricular valve atresias with biventricular and 
univentricular atrioventricular connections. If the 
cases described had possessed imperforate valve 
membranes, Quero's comments? $ would be entirely 
appropriate. But in fact the cases had absence of an 
atrioventricular connection. When an atrioventricular 
connection is absent and the other atrium connects to 
a main ventricular chamber, the relation of the 
rudimentary ventricular chamber is an independent 
factor. So, when the left connection is absent and the 
right atrium connects to a left ventricular chamber, 
the rudimentary right ventricular chamber is usually 
left sided, but as we have seen may be right sided or 
even directly anterior. When the right atrioventricular 
connection is absent with similar chamber connec- 
tions, then usually the rudimentary right ventricle is 
right sided, but it may be directly anterior or even to 
the left. In hearts with univentricular atrioventricular 
connection to a left ventricular chamber, it has been 
emphasised that, though there is a basic disposition of 
the atrioventricular conduction system, the precise 
course of the non-branching atrioventricular bundle 
within the ventricles is dependent upon the position 
of the rudimentary chamber.'*!7 The findings 
encountered in the cases here reported further sup- 
port these remarks. In the first case with right sided 
rudimentary chamber there was an anterior node from 
which a very short bundle arose going down immedi- 
ately along the main chamber aspect of the trabecular 
septum.!$ In contrast, in the cases with left sided 
rudimentary chambers, there was an anterior node, in 
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the same position as in case 1, from which an elon- 
gated atrioventricular bundle coursed towards the 
trabecular septum in close proximity to the posterior 
pulmonary outflow tract. 

These morphological features are of considerable 
surgical significance. If surgical “correction” is to be 
attempted in hearts such as these, it will probably be 
done using a Fontan type procedure. The position of 
the node will not be a major feature, since always it 
will be necessary to preserve the right atrioventricular 
orifice. It is the relation of the conduction tissues to 
the interventricular communication which is para- 
mount. If there is ventriculoarterial discordance, as is 
usually the case, it may be necessary to enlarge this 
communication. If there is ventriculoarterial concor- 
dance, a rare happening, it will be necessary to close 
the communication if an atrioventricular conduit is to 
be constructed.!? Whichever option is attempted, it 
must be known that the branching bundle is carried 
on the left ventricular aspect of the septum away from 
the septal crest, and that the non-branching bundle 
descends on to the right margin of the foramen. The 
rim of the foramen formed by the outlet septum never 
harbours conduction tissue, and the left margin is also 
a safe area for resection. These rules hold good what- 
ever the position of the rudimentary right ventricular 
chamber (Fig. 7). It must be emphasised, however, 
that we speak of the right and left margins of the 
interventricular communication relative to its anatom- 
ical position. These margins may not always be per- 
ceived as being in right sided or left sided position, 
this depending entirely upon the approach taken by 
the surgeon. 

Finally, the rare occurrence of ventriculoarterial 
concordance? in these anomalies is worthy of 
emphasis. This atrangement permits the pulmonary 
venous blood to be switched into the main left ven- 
tricular chamber via an intra-atrial baffle. The 
rudimentary chamber can then be opened and the 
interventricular communication closed, a valved con- 
duit being placed between the right atrium and the 
rudimentary right ventricular chamber. This proce- 
dure, which represents a modification of the Fontan 
operation, has been successfully performed in one 
case.!? The reason for incorporating the rudimentary 
chamber into the pulmonary circuit is the possibility 
of growth and development of the chamber. Such a 
modified Fontan procedure could be performed even 
in cases in which the rudimentary chamber is left 
sided, providing there is ventriculoarterial concor- 
dance. If ventriculoarterial discordance is present, 
however, as in the cases here reported, a baffle proce- 
dure and the classical atriopulmonary Fontan bypass 
would be the only possible option other than combin- 
ing an atrioventricular bypass with an arterial switch 
procedure.?° 
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Safe area for resection 





Right-sided rudimentary RV chamber 
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Fig. 7 Diagram illustrating the vital relation of the 
atrioventricular conduction axts to the interventricular 
communication as seen by the surgeon approaching through the 
rudimentary right ventricular chamber. Note that the position of 
the rudimentary chamber does not alter the basic disposition of the 
conduction axts, and that the safe area for widening the 
communication is the same in both arrangements. 
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Total anomalous pulmonary venous connection 
Repair using deep hypothermia and circulatory arrest in 44 
consecutive infants 


D F DICKINSON, K M PARIMELAZHAGAN, MC K TWEEDIE, C R WEST, G P PICCOLI,* 


F MUSUMECI,* DI HAMILTON 


From the Regional Paediatric Cardiothoracic Unit, Royal Liverpool Children's Hospital, Myrtle Street, Liverpool 


SUMMARY Forty four consecutive infants aged from 3 days to 10 months underwent repair of total 
anomalous pulmonary venous connection using deep hypothermia with circulatory arrest. There 
were eight (18%) early hospital deaths. Using multivariate analysis no significant association could 
be shown between early mortality and age or weight at operation, preoperative pulmonary or 
systemic pressure, and preoperative condition for patients undergoing operation during the most 
recent five year period. Late pulmonary venous obstruction developed in four (1196) of the survivors 


and all of these patients died. 


Total anomalous pulmonary venous connection is a 
relatively uncommon cardiac malformation represent- 
ing less than 1% of all congenital cardiac anomalies. ! ? 
Without surgical treatment, the mortality within the 
first year of life is high,? and those who survive may 
develop progressive pulmonary vascular disease.* 5 
Early surgical intervention is therefore indicated in 
the majority of pauents. Successful surgical correction 
was first reported by Muller in 19515 and subse- 
quently others described their experience in the surgi- 
cal management of this lesion, using either hypother- 
mia with inflow occlusion,’ or standard cardiopulmo- 
nary bypass.8? It is only with the adoption of deep 
hypothermia and circulatory arrest, however, that 
satisfactory results have been achieved in 
infancy.19713 

In this paper, we review our experience during the 
last 12 years of single stage correction of total anomal- 
ous pulmonary venous connection in infancy using 
this latter technique. 


Patients and methods 


During the period January 1970 to December 1981, 
44 consecutive infants under one year of age with total 
anomalous pulmonary venous connection underwent 
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single stage surgical correction at the Royal Liverpool 
Children's Hospital, using deep hypothermia and cir- 
culatory arrest. Four infants who were operated on in 
1970 and 1971 using standard cardiopulmonary 
bypass and previously reported!? are not included in 
this report. One further case also included in the pre- 
vious report, with infracardiac total anomalous 
pulmonary venous connection occurring as part of a 
complex malformation associated with the asplenia 
syndrome is excluded since the operation was an 
attempt at palliation rather than correction. 

The patients are grouped according to the site of 
pulmonary venous connection (Fig. 1). Twenty-two 
patients had supracardiac total anomalous pulmonary 
venous connection and nine had infracardiac total 
anomalous pulmonary venous connection. The group 
of eight patients with intracardiac total anomalous 
pulmonary venous connection includes six with 
drainage entirely to the coronary sinus and two with 
drainage direct to the right atrium. Five patients had a 
mixed type of total anomalous pulmonary venous 
connection. In four, part of the left upper lobe 
drained into the innominate vein, while the remaining 
veins entered the coronary sinus. The fifth patient had 
both upper lobe veins entering the superior vena cava 
while the lower lobe veins entered the right atrium via 
a common venous channel. 

There were 22 male and 22 female patients ranging 
in age from 3 to 312 days (mean 77 days) at the time of 
operation. The weight at operation varied from 2-3 kg 
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23 days - 3months 4-12 months 
Fig. 1 Age at operation and anatomical type in 44 infants with 


total anomalous pulmonary venous connection. 


to 8-7 kg (mean 3-9 kg). One patient was known to 
have a ventricular septal defect and the ductus 
arteriosus was patent in a further 14 patients. Balloon 
septostomy was performed at the time of diagnostic 
catheterisation in nine patients: four with a supracar- 
diac connection, three with drainage to the coronary 
sinus, and two with mixed total anomalous pulmonary 
venous connection. 


PREOPERATIVE CONDITION 

Each patient was assigned retrospectively to one of 
three groups according to the clinical condition at the 
time of diagnosis. Group | consisted of four infants 
whose symptoms were well controlled on medical 
treatment and who underwent operation electively at 
a mean interval of 122 days (range 95 to 155 days) 
from the time of presentation. In group 2 there were 
27 infants with severe symptoms but no acute deterio- 
ration in whom operation seemed advisable without 
undue delay. These infants underwent surgery two to 
54 days (mean 13 days) from the time of diagnosis. 
Group 3 consisted of 13 critically ill infants who 
underwent emergency operation at a mean interval of 
2-8 days from the time of diagnosis (range less than 
one to eight days). Five patients in this group had 
supracardiac and eight had infracardiac total anomal- 
ous pulmonary venous connection. Eight of these 
patients were ventilated electively before operation 
because of respiratory failure. Critical preoperative 
status was correlated significantly with young age and 
with raised pulmonary and lowered systemic pres- 
sures at the time of cardiac catheterisation (p= 0-05 to 
0-0] in each case; t tests, confirmed by Mann- 
Whitney tests). 

All cases were operated on using deep hypothermia 
induced with core cooling, and total circulatory arrest 
using techniques described previously.'''* For 
patients with supra- and infracardiac total anomalous 
pulmonary venous connection a left anterolateral 
thoracotomy with transternal extension was used.!* 
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Fig. 2 Preoperative pulmonary to systemic pressure rano and 
anatomical type m 37 infants with total anomalous pulmonary 
venous connection. Key as for Fig. 1. 


Patients with cardiac or mixed types of total anomal- 
ous pulmonary venous connection were repaired 
through a median sternotomy. In three most recent 
patients with mixed total anomalous pulmonary ven- 
ous connection predominantly to the coronary sinus 
the operation suggested by Van Praagh et al.'^ for 
total anomalous pulmonary venous connection to the 
coronary sinus was used. 

Preoperative measurements of pulmonary and svs- 
temic pressure were made in 37 patients and the pul- 
monary to systemic pressure ratios for each anatomi- 
cal group are shown in Fig. 2. 


STATISTICAL ANALYSIS 

Seven factors were selected as having a possible 
influence on early mortality: anatomical type, age and 
weight at operation, preoperative condition, 
preoperative Pco, (without assisted ventilation), 
preoperative pulmonary and systemic pressures, and 
the duration of circulatory arrest. Complete data were 
available for 29 consecutive patients operated on dur- 
ing the most recent five year period. These data were 
tabulated and the Statistical package for the social sci- 
ences!" was used for cross-tabulation, unpaired Stu- 
dent's t test and discriminant analysis predicting early 
death or survival. Where necessary, transformation to 
a logarithmic scale was performed to normalise data 
before using Student’s t test. 


Results 


EARLY MORTALITY 

Eight infants (1896) died within 30 days of the opera- 
tion. During the most recent five year period, 29 con- 
secutive infants (11 supracardiac, eight infracardiac, 
seven cardiac, and three mixed) have undergone oper- 
ation, with four early deaths (1496), compared with 
four early deaths among 15 infants (27%) during the 
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preceding seven years. This difference is not statisti- 
cally significant. Two of the deaths in the earlier 
period were the result of avoidable technical errors at 
the time of operation. 

For the 29 patients undergoing operauon during 
the most recent five year period, no significant associ- 
ation could be established between early death and 
anatomical type, age or weight at operation, preopera- 
tive condition, pulmonary or systemic pressures, 
Pco,, or duration of circulatory arrest. None of these 
variables was significantly different for early deaths as 
compared with other cases (unpaired Student's t test 
confirmed by Mann-Whitney rank sum test). Nor was 
any pattern discernible among the four early death 
cases on any two dimensional plot of any pair of con- 
tinuous variables except in the case of the age/weight 
plot where they lay very closely on a straight line. The 
probability of early death, computed from a linear 
function on the logit scale by using the generalised 
linear interactive modelling package,!'? did not 
depend significantly on any of the above mentioned 
variables. Linear discriminant analysis between the 
early deaths and the remaining patients using 
logarithmic transformations of age, weight, pulmo- 
nary and systemic pressure, and duration of circulat- 
ory arrest was also ineffective in predicting early 
death. During this period early death appeared to be a 
random event not clearly connected with any of the 
variables studied, either individually or in combina- 
tion. 


LATE RESULTS 
Four patients developed pulmonary venous obstruc- 


Table Postoperative cardiac catheterisation data in 11 patients 
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tion, all within three months of the initial operation 
and all subsequently died. Postoperative cardiac 
catheterisation data on these patients are summarised 
in the Table. Case 1 underwent a second operation 
three months after the initial procedure. The orifices 
of three of the four pulmonary veins were found to be 
partly obstructed by intimal proliferation. Án angio- 
plastic procedure was performed to enlarge the pul- 
monary veins but the infant died four months later, 
with clinical evidence of reobstruction of the pulmo- 
nary veins. Case 2 was readmitted one month after the 
first operation. He deteriorated rapidly after investi- 
gation and died before a second operation could be 
performed. Consent for a necropsy was refused. Case 
3 had total anomalous pulmonary venous connection 
to the coronary sinus. At the second operation the 
opening between the coronary sinus and the left 
atrium was severely stenotic with thickening of the 
tissue surrounding this ostium and shrinkage of the 
Dacron patch placed at the mouth of the coronary 
sinus. The original operation was revised but the 
patient died suddenly two months later. At necropsy 
the inlet of the coronary sinus to the left atrium was 
widely patent, but the four pulmonary veins entered 
the apex of the coronary sinus via a single stenotic 
orifice of less than 4 mm diameter. Case 4 had drain- 
age of the pulmonary veins direct to the right atrium. 
He died before a second operation could be performed 
and at necropsy it was found that the right pulmonary 
veins were totally occluded by shrinkage and thicken- 
ing of the original Dacron baffle used to redirect pul- 
monary venous blood into the left atrium. 

The 32 longer term survivors have been reviewed 





Case No. Anatomical Interoal after Pressures (mmHg) Pulmonary to Comment 
type operation systemic flow ratio 
(mth) Pulmonary Systemic 
l Supracardiac 3 100 I Pulmonary venous obstruction; 
reoperation; died 
2 Infracardiac i 65 120 i Poon venous obstruction; 
3 Cardiac 3 80 l Pulmonary venous obstruction; 
reoperation; died 
4 Cardiac 2 90 l Pulm ponai venous obstruction; 
5 Supracardiac 59 21 100 2 Residual ASD; 
successful operation 
6 Supracardiac 16 78 1-8 Residual VSD; 
successful operation 
7 Infracardiac l 35 1 Transient pericardial 
effusion; good result 
8 Cardiac 13 36 1 Good haemodynamic result; 
atrioventricular block 
9 Cardiac 12 28 100 1 Good result 
10 Cardiac 26 23 110 —1 Good result 
11 Mixed 3 28 2:2 Residual ASD; 


awaiting reoperation 





ASD, atrial septal defect; VSD, ventricular septal defect. 
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regularly with a follow up ranging from three months 
to 10 years (mean 5-1 years). One child (case 5, Table) 
required a second operation to close a residual atrial 
septal defect and a second (case 6, Table) has had a 
second operation to close a ventricular septal defect, À 
further five patients have been investigated postopera- 
tively (Table). Four have a good haemodynamic result 
but one has atrioventricular block and one had a trans- 
ient pericardial effusion at the time of investigation. 
Two of these patients were investigated because of a 
slight suspicion on clinical grounds that pulmonary 
venous obstruction was developing but these suspi- 
cions were unfounded. Pulmonary venous obstruction 
has not been identified in any patient as a later post- 
operative complication. The last patient (case 11, 
Table) has a residual atrial shunt after repair of a 
mixed type of total anomalous pulmonary venous 
connection and will need a second operation in the 
future. 

The remaining patients are clinically well with no 
abnormal signs in the cardiovascular system other 
than wide splitting of the second heart sound and mild 
cardiomegaly on chest x-ray. 


Discussion 


Before 1970, the surgical mortality for correction of 
total anomalous pulmonary venous connection in 
. infancy was significantly higher than in older patients 
and some authors regarded young age as a major fac- 
tor in determining early mortality.!? During the past 
decade, improved results have been achieved particu- 
larly in infants under 1 year of age.!! 13 29727? In these 
series, young age at operation has not been confirmed 
as a risk factor and our present results substantiate 
this view. During the 12 year period reviewed, there 
were no deaths among five patients operated on dur- 
ing the first week of life showing that even the 
youngest patients can be corrected successfully. 
Though we were unable to show a correlation between 
preoperative condition and early mortality this is only 
likely to be the case if the operation is performed with 
an appropriate degree of urgency. We agree with the 
view expressed by many authors!!!229?! that any 
delay in the effective surgical treatment of symptoma- 


tic infants, particularly when pulmonary venous : 


return is obstructed, may result in a higher operative 
mortality rate. 

Surgical mortality in the patients reported by 
Clarke et al.!? and Turley et al.?? was most closely 
related to the anatomical type of total anomalous pul- 
monary venous connection present. During our most 
recent experience no such correlation was present 
with survival of all three patients with mixed total 
anomalous pulmonary venous connection. It should 
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be noted, however, that these patients had a relatively 
simple type of mixed total anomalous pulmonary ven- 
ous connection predominantly to the coronary sinus. 
Ín more complex types a higher mortality might be 
expected.?! It is interesting that the anatomical type 
carrying the highest mortality in the series of Clarkeet 
al.,'? Turley et al.,2° and Hammon et al.?? (infracar- 
diac) carried the lowest mortality among our patents. 
Conversely, we have experienced a relatively high 
early mortality among patients with the intracardiac 
type of the anomaly, a defect which in other 
hands!! 122° carries a low mortality. The number of 
deaths in each series, however, is small and many 
deaths were related to factors individual to each 
patient rather than specific for a particular anatomical 
type. For example, two deaths in the present series 
and two deaths among the patients reported by 
Whight et al.!! were mainly. the result of avoidable 
technical errors unrelated to the particular anatomical 
type present. Reviewing the combined recent experi- 
ence of the groups in Auckland, Boston, and 
Birmingham, Katz et al.?! concluded that anatomical 
type was not a determinant of early mortality except 
in the case of patients with the complicated mixed 
type of total anomalous pulmonary venous connec- 
tion. Our results show that an early mortality of less 
than 1596 should be expected in patients with the - 
supra- and infracardiac types. Others!!!229 have 
shown that a similar or lower mortality can be 
achieved with total anomalous pulmonary venous 
connection to the right atrium or coronary sinus. 
Though late mortality after correction of total 
anomalous pulmonary venous connection is low,?? in- 
many recently reported series there has been 
significant mortality and morbidity associated with 
the development of pulmonary venous obstruc- 
tion. !! 2024 Four (11%) of the 36 hospital survivors in 
our series developed this complication, all within 
three months of the original operation. In one case, 
the main reason for obstruction appeared to be related 
to shrinkage and thickening of a synthetic Dacron 
patch, but in two cases, one with supracardiac drain- 
age and one with the coronary sinus type, obstruction 
developed at the orifices of the pulmonary veins at a 
site remote from any suture line. The cause of obs- 
truction in the fourth case was not determined. 
Though pulmonary venous obstruction has been 
described in patients with total anomalous pulmonary 
venous connection before surgical treatment,? there 
was no evidence of this in any of our patients. Similar 
findings have been reported by other authors. Both 
Turley et al.?? and Fleming et al.?* reported cases of 
infradiaphragmatic total anomalous pulmonary ven- 
ous connection developing pulmonary venous obs- 
truction at a site proximal to the original anastomosis. 
In the study of Whight et al.!! three patients with 
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total anomalous pulmonary venous connection to the 
coronary sinus developed pulmonary venous obstruc- 
tion, caused in one case by thickening of a pericardial 
patch and in two further cases by partial obliteration 
of the ostia of the pulmonary veins by fibrosis. Surgi- 
cal treatment of pulmonary vein obstruction is 
difficult!! 2? and the problem may recur even after 
apparently successful reoperation.?° Its occurrence is 
unpredictable and though it appears to be more com- 
mon after repair of the infradiaphragmatic type, it is 
by no means confined to that group. 

Several approaches have been used to gain optimal 
exposure of the anomalous venous channels in supra- 
and infracardiac total anomalous pulmonary venous 
connection. Throughout the 12 year period, we have 
used the left anterolateral thoracotomy advocated by 
Roe.!5 It has been suggested that aortic cannulation 
might prove to be difficult using this approach and 
that cannulation of the descending aorta might be 
necessary.!5 With trans-sternal extension of the inci- 
sion, however, we have not found this to be the case. 
In our experience, the left anterolateral thoracotomy 
gives excellent exposure of the left atrium and com- 
mon pulmonary vein and facilitates the construction 
of the largest possible anastomosis in spite of the small 
size of the left atrium in this anomaly.?5 26 If neces- 
sary, the incision can be extended onto the left atrial 
appendage which is usually of relatively normal size.?$ 
We have not found it necessary during this 12 year 
period to enlarge the size of the atrial cavity in any 
patient either by using a patch or by moving the 
interatrial septum to the right. No problems with 
kinking of the anastomosis have been encountered 
and pulmonary venous obstruction at the suture line 
has not been recognised as a late complication in any 
patient with these anatomical types of total anomalous 
pulmonary venous connection. 

Several authors!! 2225 have published their findings 
at cardiac catheterisation carried out one to six years 
after operation for total anomalous pulmonary venous 
connection. Their findings show normal or near nor- 
mal right and left ventricular and left atrial volumes, 
with normal right ventricular pressures in the ma- 
jority of asymptomatic survivors. Unexpected major 
residual defects were not identified. In view of these 
encouraging reports, we have studied our postopera- 
tive patients only when specific clinical indications 
were present. 

Conventional repair of total anomalous pulmonary 
venous connection to the coronary sinus involves 
incising the margin of the coronary sinus and carrying 
the incision back through the foramen ovale into the 
left atrium. A large patch is then used to roof over the 
combined orifice of the coronary sinus and fossa 
ovale. Àn alternative procedure was suggested by Van 
Praagh et al.!$ in 1972. Though the procedure was 
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originally devised to avoid damage to internodal con- 
duction pathways, its main advantage appears to be 
the avoidance of prosthetic material within the atrium 
of a small infant. In view of the problems encountered 
after patch shrinkage both in our patients and those 
reported by Whight et al.,!! this advantage appears to 
be considerable. We have used this method in three 
recent cases with mixed type total anomalous pulmo- 
nary venous connection predominantly to the coro- 
nary sinus and intend to use it more extensively in the 
future. 

The role of balloon atrial septostomy in the man- 
agement of the infant with total anomalous pulmonary 
venous connection remains a subject for debate. Left 
heart filling in this condition is entirely dependent on 
a right to left atrial shunt, and the atrial septum may 
be a site of obstruction even in patients with. no prés- 
sure gradients between left and right atrium.?5 Bal- 
loon septostomy has therefore been recommended for 
all infants with total anomalous pulmonary venous 
connection as a means of palliating the symptomatic 
infant.?7?8 Patients with pulmonary venous obstruc-. 
tion are unlikely to be benefited. The procedure, 
however, may be helpful in infants in whom the pul- 
monary venous return is unobstructed, pulmonary 
artery pressure is less than half systemic, and post- 
ponement of operation for a short period is desired. 
Whight et al.!! have drawn attention to a possible 
disadvantage of balloon septostomy in patients with 
total anomalous pulmonary venous connection to the 
coronary sinus in whom the Van Praagh technique! 
is to be used for repair, in that closure of the atrial 
septum may be easier if the fossa ovale is intact. We 
have used balloon atrial septostomy in nine patients in 
an attempt to improve left heart filling preoperatively. 
Though it has been suggested that septostomy may be 
difficult in total anomalous pulmonary venous con- 
nection,?? using biplane screening facilities, the pro- 
cedure has not been accompanied by any morbidity in 
our patients. We do not, however, regard this proce- 
dure as a substitute for urgent surgical treatment in 
the majority of patients. 

Our experience with the management of infants 
with total anomalous pulmonary venous connection 
during the past 12 years suggests that the best results 
are obtained when referral to a specialised paediatric 
cardiac unit is made as soon as the diagnosis is sus- 
pected, preferably during the first weeks of life. Since 
surgical mortality is not correlated with young age, 
operation should be performed on an emergency or 
semi-emergency basis as the patient's condition 
demands. Unnecessary delay is likely to lead to acute 
deterioration particularly when pulmonary venous 
obstruction is present. The long term results and 
excellent health of the surviving children are just 
reward to the medical and surgical team who accept 
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the considerable challenge which these seriously ill 
infants present on admission to hospital. - 


References 


1 Hoffman JIE, Christianson R. Congenital heart disease 
in a cohort of 19,502 births with long-term follow up. Am 
J Cardiol 1978; 42: 641-7. 

2 Dickinson DF, Arnold R, Wilkinson JL. Congenital 
heart disease among 160,480 liveborn children in Liver- 
pool 1960 to 1969. The implications for surgical treat- 
ment. Br Heart 7 1981; 46: 55-62. 

3 Gathman GE, Nadas AS. Total anomalous pulmonary 
venous connection. Clinical and physiologic observations 
of 75 pediatric patients. Circulation 1970; 42: 143—54. 

4 Haworth SG, Reid L. Structural study of pulmonary cir- 
culation and of heart in total anomalous pulmonary ven- 
ous return in early infancy. Br Heart 7 1979; 39: 80—92. 

5 Newfeld EA, Wilson A, Paul MH, Reisch JS. Pulmonary 
vascular disease in total anomalous pulmonary venous 
drainage. Circulation 1980; 61: 103-9. 

6 Muller WH Jr. The surgical treatment of transposition of 
the pulmonary veins. Ann Surg 1951; 134: 683-93. 

7 Lewis FJ, Varco RL, Taufic M, Niazi SA. Direct vision 
repair of triatrial heart and total anomalous pulmonary 
venous drainage. Surg Gynecol Obstet 1956; 102: 713-20. 

8 Cooley DA, Ochsner A Jr. Correction of total anomalous 
pulmonary venous drainage. Surgery 1957; 42: 1014-21. 

9 Cooley DA, Hallman GL, Leachman RD. Total anomal- 
ous pulmonary venous drainage: correction with the use 
of cardiopulmonary bypass in 62 cases. 7 Thorac Car- 
diovasc Surg 1966; 51: 88-102. 

10 Dillard DH, Mohri H, Hessel EA, et al. Correction of 
total anomalous pulmonary venous drainage in infancy 
utilizing deep hypothermia with total circulatory arrest. 
Circulation 1967; 35, suppl 1: 105-10. 

11 Whight CM, Barratt-Boyes BG, Calder AL, Neutze JM, 
Brandt PWT. Total anomalous pulmonary venous con- 
nection. Long-term results following repair in infancy. 7 
Thorac Cardiovasc Surg 1978; 75: 52-63. 

12 Clarke DR, Stark J, De Leva! M, Pincott JR, Taylor 
JEN. Total anomalous pulmonary venous drainage in 
infancy. Br Heart F 1977; 39: 436-44. 

13 Di Eusanio G, Sandrasagra FA, Donnelly RJ, Hamilton 
DI. Total anomalous pulmonary venous connection (sur- 
gical technique, early and late results). Thorax 1978; 33: 
275-82. 

14 Hamilton DI, Shackleton J, Rees GJ, Abbott T. Experi- 
ence with deep hypothermia in infancy using core cool- 
ing. In: Barratt-Boyes BG, Neutze JM, Harris EA, eds. 
Heart disease in infancy. Edinburgh and London: Chur- 
chill Livingstone, 1973: 52-74. 

15 Roe BB. Posterior approach to correction of total 


Dickinson, Parimelazhagan, Tweedie, West, Piccoli, Musumeci, Hamilton 


anomalous pulmonary venous return. 7 Thorac Cardiov- 
asc Surg 1970; 59: 748—53. 


16 Van Praagh R, Harken AH, Delisle G, Ando M, Gross 


RE. Total anomalous pulmonary venous drainage to the 
coronary sinus. 7 Thorac Cardiovasc Surg 1972; 64: 132- 
5 


17 Nie NH, Hull CH, Jenkins JG, Steinbrenner K, Bent 
BH. Statistical package for the social sciences. 2nd ed. New 
York: McGraw-Hill, 1975. 

18 Baker RJ, Nelder JA. The GLIM system. Release 3. 
Oxford: Numerical Algorithms Group, 1978. 

19 Wukasch DC, Deutsch M, Reul GJ, Hallman GL, 
Cooley DA. Total anomalous pulmonary venous return: 
review of 125 patients treated surgically. Ann Thorac Surg 
1975; 19: 622-33. 

20 Turley K, Tucker: WY, Ullyot DJ, Ebert PA. Total 
anomalous pulmonary venous connection in infancy: 
influence of age and type of lesion. Am 7 Cardiol 1980; 
45; 92-7. 

21 Katz NM, Kirklin JW, Pacifico AD. Concepts and prac- 
tices in surgery for total anomalous pulmonary connec- 
tion. Ann Thorqc Surg 1978; 25: 479-87. 

22 Hammon JW Jr, Bender HW Jr, Graham TP Jr, Boucek 
R] jr, Smith CW, Erath HG Jr. Total anomalous pul- 
monary venous connection in infancy. Ten years’ experi- 
ence including studies of postoperative ventricular func- 
tion. ¥ Thorac Cardiovasc Surg 1980; 80: 544-51. 

23 Macartney FJ, Taylor JEN, Graham GR, De Leval M, 
Stark J. The fate of survivors of cardiac surgery in 
infancy. Circulation 1980; 62: 80-91. 

24 Fleming WH, Clark EB, Dooley KJ, et al. Late compli- 
cations following surgical repair of total anomalous pul- 
monary venous return below the diaphragm. Ann Thorac 
Surg 1979; 27: 435-9. 

25 Graham TP Jr, Jarmakani JM, Canent RV Jr. Left heart 
volume characteristics with a right ventricular volume 
overload: total anomalous pulmonary venous connection 
and large atrial septal defect. Circulation 1972; 45: 389— 
96. 

26 Mathew R, Thilenius OG, Replogle RL, Arcilla RA. 
Cardiac function in total anomalous pulmonary venous 
return before and after surgery. Circulation 1977; 55: 
361-70. 

27 El-Said G, Mullins CE, McNamara DG. Management of 
total anomalous pulmonary venous return. Circulanon 
1971; 45: 1240-50. 

28 Mullins CE, El-Said GM, Neches WH, et al. Ballon atrial 
septostomy for total anomalous pulmonary venous 
return. Br Heart F 1973; 35: 752-7. 


Requests for reprints to Mr DI Hamilton, Royal 
Liverpool Children's Hospital, Myrtle Street, Liver- 
pool L7 7DG. 


British Heart Journal September 1982 XVII 











Analysing ambulatory ECGs? 








Then Medilog is all you need! 


The Medilog Analyser makes real sense of your recordings. It makes real 
sense for your budget. 

Our combination of medical expertise and microprocessor technology gives 
you value for money which no other analyser can equal. 

You don’t have to be an electronics expert with Medilog. Ease of operation, 
installation and service are more than enhanced by the outstanding versatility of our 
two special software packages. 

You can use the Medilog Analyser with either direct recording or FM 
Medilog ECG recorders. It has simple keyboard controls, rapid auto-search, a large 
screen display and heated stylus writer. 

High speed analysis — up to x120, including ST segment levels, ectopic beat 
detection, counting and editing, together with your 24 hour trend data, is all 
accomplished in a single tape pass. 

And Medilog has many more customer benefits. We can arrange a 
demonstration for you almost Q9 um uum uum ee ee GENS ee ee ee X 


anywhere in the world through one of C] Send me further details on the Medilog Analyser 


yur 30 Sales Centres. 
C Sales Cent [ ] Please arrange a demonstration 





Just complete the attached f 
coupon and return to the Sales Name: 
Manager. j Position: = 
OXFORD —— 

Dept.: 

MEDICAL SYSTEMS j 
Oxford Medical Systems Limited Address: — l 
Nuffield Way Abingdon | 
Oxon OX14 1BZ England m BHI 98, 
Telephone (0235) 21135 Telex 837340 i Tel: 


The Medilog Analyser — the ‘value for money’ system that leaves no alternatives. 


A more 
undamental treatment 
of hypertension 


-— 


Calcium is implicated in the 
reased arterial tone of hyper- 
sives! Nifedipine, probably the 

st specific calcium antagonist; 
iibits the influx of ionic calcium 
smooth muscle cells and 
luces vascular tone. 

By counteracting this under- 
1g cause of hypertension; 
edipine predictably reduces blood 
ssure proportionately to the pretreat- 
nt level This effect makes nifedipine suit- 

e for all grades of hypertension; * super- 
ling conventional therapy with less specific 
ydes of action. 

New Adalat Retard tablets, specially formulated 
twice daily treatment of hypertension can be used as 
tline therapy orto complement beta-blockers, diuretics 
i methyldopa 


scribing Information 


ntation- Pink grey coated taies « " i NP y nifechpune. Indications: Por the treatment of hyperte Dosage and Administration 
wice Gauy a at SSary $ 1 1 K Y '. M 


ng Warnings and Precautions, Ad 


is WV US 
wet wR va 


Daily Treatm 





Br Heart F 1982; 48: 255-9 


Routine radionuclide techniques in evaluation of 
patients with suspected coronary heart disease 
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From the Laboratory of Cardiology, Medical Department B , and Section of Nuclear Medicine, Department of 
Clinical Chemistry, Rikshospitalet, The National Hospital, University of Oslo, Oslo, Norway 


SUMMARY Myocardial scintigraphy with thallium-201 and electrocardiogram-gated left ventriculog- 
raphy with technetium-99m labelled red blood cells were applied in four groups of subjects: 25 with 
no signs or symptoms of cardiovascular disease (group 1), 28 with a “false” positive exercise 
electrocardiogram (group 2), 14 with angina pectoris and normal coronary angiograms (group 3), 
and 43 with angina pectoris and fixed coronary artery stenoses (group 4). In groups 1 and 4 the 
radionuclide findings were in accordance with clinical and invasive measurements. In groups 2 and 3 
the most important finding was the lack of increase in left ventricular ejection fraction during 
exercise in about half of these subjects (even a decrease in 2596), indicating subnormal myocardial 
reserve. The additional finding of pathological myocardial biopsies in four of these patients suggests 
that asymptornatic ST depression in patients with normal coronary angiograms may in some cases 


represent an early, preclinical sign of cardiomyopathy. 


Radionuclide techniques added to conventional 
evaluation such as exercise testing and angiographic 
studies have provided valuable additional information 
concerning myocardial function in the study of 
patients with overt coronary heart disease.! ? 

Among the most widely used radionuclide tests are 
(D) the study of myocardial perfusion during exercise 
and in the redistribution phase using thallium-201 
(29 TD, and (2) the study of left ventricular function 
at rest and during exercise using technetium-99m 
(39 Tc) labelled red cells. 

An increasing number of patients with mild or atyp- 
ical angina pectoris or with ST depression without 
symptoms found during screening exercise elec- 
trocardiographic testing are currently being referred 
to our hospital for further evaluation. À question of 
major interest is whether the above mentioned 

radionuclide techniques can provide more accurate 
diagnostic data in such patients,^? and also provide 
information unobtainable from conventional invasive 
techniques. With these questions in mind we have 
applied the two tests mentioned above in patients with 
angina or a positive exercise electrocardiogram 
response discovered prospectively, but in whom 
coronary angiography disclosed normal findings. 


Accepted for publication 18 May 1982 


Subjects and methods 


Included in the study were 110 subjects, who all gave 
informed consent. None had valvular or congenital 
heart disease. They are subdivided into four groups 
(see below). Groups 1 and 2 are derived from a pros- 
pective cardiovascular survey group of 2014 appar- 
ently healthy middle aged men. All 115 men fulfilling 
predetermined criteria of having suspected coronary 
heart disease were offered coronary angiography to 
confirm or exclude this suspicion. The details about 
that survey (including ungiographic findings) have 
been published elsewhere.® The latter two groups (3 
and 4) include patients referred to our department for 
evaluation of incapacitating angina pectoris. 


GROUP 1:25 NORMAL SUBJECTS 

Group 1 was selected randomly from the cardiovascu- 
lar survey among men fulfilling the following criteria 
on two examinations performed seven years apart: no 
symptoms or signs of coronary heart disease or other 
heart disease, normal blood pressure, normal findings 
on x-ray film of the heart and lungs, normal resting 
electrocardiogram, and a negative response to a near 
maximal exercise test (heart rate of at least 9096 of 
predicted maximal heart rate) without abnormalities 
in the electrocardiogram.$ The mean age was 54-6 
years (SD 5-5 years). 
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GROUP 2:28 “FALSE” POSITIVE EXERCISE 
ELECTROCARDIOGRAM 

These 28 men had a “false” positive exercise elec- 
trocardiogram during the primary study (described 
above); that is significant ST depression, but normal 


coronary arteries on the angiogram.$ This group orig- ` 


inally included 36 men. At follow-up after seven 
years, two had died suddenly, three had congestive 
heart failure, two had diseases of the locomotor sys- 
tem which made exercise testing impossible, and one 
had moved to another area. The remaining 28 men 
from this group were re-examined and all had similar 
ST depression on their exercise electrocardiogram to 
that recorded seven years earlier. À second angio- 
graphic study—during which myocardial biopsies 
were obtained—was performed in four of these 28 
men in an attempt to clarify further their disease.7 ? 
The mean age of this group was 56-1 years (SD 5-1 
years). 


GROUP 3: 14 PATIENTS WITH ANGINA PECTORIS 
AND NORMAL ANGIOGRAMS 

This group represents a consecutive series of 14 
patients (six women and eight men) referred to hospi- 
tal because of incapacitating angina and whose coro- 
nary angiograms were normal. Three had significant 
SI depression on their exercise electrocardiograms 
and Il had a normal exercise electrocardiogram. 
Mean age was 46-9 years (SD 6-6 years). 


GROUP 4: 43 PATIENTS WITH ANGINA PECTORIS 
AND FIXED CORONARY ARTERY STENOSES 

These patients represent a consecutive series of 43 
patients (four women and 39 men) with severe angina 
and pathological coronary angiograms. All had at least 
one stenosis 270% of the vessel area in one of the 
major epicardial arteries. Thirty-two had had a 
myocardial infarction. Eighteen had significant ST 
depression on the exercise electrocardiogram, 11 had 
stress tests with normal electrocardiographic findings, 
and in 14 we could draw no conclusions on exercise 
testing because of the effects of drug treatment. Mean 
age was 55-1 years (SD 7-1 years). 


Methods 


EXERCISE TESTING 

This was started at 50 watts in groups 3 and 4 and at 
100 watts in groups 1 and 2, and the load was 
increased stepwise by 50 watts every six minutes. 
Endpoints of the exercise tests were: angina, ST 
depression =3 mm, severe dyspnoea, general 
fatigue/exhaustion, arrhythmias, or any combination 
of these factors. Chest-head leads CHJ—7 were used 
during exercise and 12 lead electrocardiograms 
before, and for five minutes after exercise. À positive 
exercise electrocardiogram was defined as one with ST 
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depression =1-5 mm 0-08 s from the J point in CH 
leads 2-7, or 1-0 mm in leads I, II, aVF, aVL, or V2-7, 
irrespective of whether the ST segment was upward- 
or downward-sloping or horizontal.5 _ 

Coronary angiography was performed as described 
by Judkins.!? 


RADIONUCLIDE PROCEDURES 

An identical exercise test procedure was used for the 
201 T] perfusion imaging and radionuclide ventriculog- 
raphy, and was similar to the above mentioned proce- 
dure except for the fact that during the radionuclide 
studies the patients were exercised supine with the 
trunk immobilised. Cardiac  scintigrams were 
obtained with a GE scintilation camera (Maxicamera 
400 T) with hardware 2:1 zoom. The camera was 
interfaced to an Intertechnique cine 330 data system. 


PERFUSION SCINTIGRAPHY 

60 mli 2°!T] was injected in an antecubital vein when 
peak load was reached, and 90 seconds before termi- 
nation of the exercise. Immediately after exercise and 
five hours later images were obtained in three views 
by collecting 200 000 counts per image. Areas show- 
ing diminished uptake in the immediate post-exercise 
period were scrutinised for differences in the pattern 
five hours later. Reversible ischaemia was said to be 
present in patients in whom perfusion defects were 
observed immediately after exercise and in whom the 
uptake was normal five hours later. Myocardial scar- 
ring was thought to be present when perfusion defects 
were observed immediately after exercise, persisting 
unaltered five hours later. 


RADIONUCLIDE VENTRICULOGRAPHY 

This was performed as multiple gated acquisition at 
equilibrium after in vivo labelling of erythrocytes with 
900 mli of ??"'Tc pertechnetate. The detector was 
located in the 40? left anterior projection with 15? 
caudal tilt. In list mode 1 500 000 counts were stored 
together with the electrocardiogram. Composite car- 
diac cycles (16 frames) were computer generated. Left 
ventricular end-diastolic and end-systolic contours 
were operator outlined. Left ventricular ejection frac- 
tion was calculated as end-diastolic counts — end sys- 
tolic counts divided by end-diastolic count after back- 
ground subtraction. An increase in left ventricular 
ejection fraction from resting to exercise values of less 
than 5% was considered as pathological.!! !? Regional 
wall motion abnormalities were assessed by cinematic 
display of the composite cardiac cycles, and by con- 
struction of stroke volume images, paradox images, 
and regional ejection fraction images. 


Results (see Fig.) 


GROUP 1: NORMAL SUBJECTS 
All 25 subjects had normal perfusion according to the 


Routine radionuchde techniques 


20T] study. Left ventricular ejection fraction 
increased from 68-496 (SD 6-5) at rest to 76-0% (SD 
7-1) during exercise (p « 0-01). Only one man (62 
years old) increased his left ventricular ejection frac- 
tion by less than 596 during exercise (=4%). The 
remaining 24 men increased theirs by 6 to 1996. There 
was no association between age and increase in left 
ventricular ejection fraction during exercise (data not 
shown). Abnormal wall motion could neither be 
detected at rest nor during exercise in any of the nor- 
mal subjects. 


GROUP 2: “FALSE” POSITIVE EXERCISE 
ELECTROCARDIOGRAM 

The 28 men with a "false" positive exercise elec- 
trocardiogram all showed normal myocardial perfu- 
sion at rest and during exercise. Left ventricular ejec- 
tion fraction was 67-096 (SD 8-1) at rest and showed a 
moderate increase to 70-3% (SD 11-3) during exercise 
(p « 0:05); In 15 of the 28 men, however, left ven- 
tricular ejection fraction increased by less than 596, 
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Fig. Myocardial perfusion and contractility pattern in four 
groups of patients studied with ?91TI scintigraphy and 99?mTc 
ventriculography. See text for details of groups. LVEF , left 
ventricular ejection fraction; RWMA, regional wall motion 
abnormalities. 
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and in seven of these 15 the left ventricular ejection 
fraction actually decreased during exercise. No 
abnormal wall motion could be detected. 

The myocardial biopsies showed nonspecific 
changes with atrophy and hypertrophy of the muscle 
fibres in three patients and oedema and interstitial 
fibrosis in one patient. All had end-diastolic pressures 
greater than 12 mmHg at rest and three greater than 
20 mmHg after angiography. Left ventricular ejection 
fraction was unaltered during exercise in all four 
patients. 


GROUP 3: ANGINA PECTORIS, NORMAL CORONARY 
ANGIOGRAMS 

In 11 of the 14 patients normal myocardial perfusion 
was found both at rest and during exercise. Two pre- 
sented regional perfusion defects during exercise with 
normal perfusion five hours later, whereas one 
showed regional perfusion defect during exercise as 
well as five hours later. The resting left ventricular 
ejection fraction, 640% (SD 7.9, increased 
significantly during exercise to 71-296 (SD 11.6; 
p « 0-01). In four patients the increase was less than 
596 (including two with a decrease in left ventricular 
ejection fraction during exercise). Regional wall 
motion abnormalities were not seen in this group. 
Perfusion defects and/or subnormal left ventricular 
ejection fraction response during exercise were found 
in five in this group. 


GROUP 4: ANGINA PECTORIS WITH FIXED 
CORONARY ARTERY STENOSES 

Thirty-nine of the 43 patients had pathological ?9'T1 
images, either as myocardial scarring (32) or revers- 
ible ischaemia (26), or both. Of the 32 with a previous 
myocardial infarction, 31 were shown to have 
myocardial scarring on ?9'T] scintigraphy. The left 
ventricular ejection fraction decreased from 46-3% 
(SD 15-9) to 418% (SD 15-3) during ‘exercise 
(p < 0-01). In 38 of 43 patients the left ventricular 
ejection fraction either decreased or increased by less 
than 5%, that is only five in this group showed the 
normal increase in left ventricular ejection fraction 
during exercise. Regional wall motion abnormalities 
were found in 17.-All 43 from this group had at least 
one pathological radionuclide test finding. 


Discussion 


The diagnosis of coronary heart disease is made in 
most patients admitted to hospital from clinical symp- 
toms and resting and exercise electrocardiographic 
findings, and can be verified by coronary angiogra- 
phy. Under such circumstances radionuclide techni- 
ques, as shown by 2°'T] scintigraphy and 99™Tc ven- 
triculography, indicate disease which accords with the 
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angiographic and clinical findings. The inclusion of 
such patients in the present report as well as the inclu- 
sion of men thought to be normal (those in group 1) 
was done in order to document the reliability of the 
radionuclide techniques in our hands. Our findings 
agree closely with those of other investigators.! ? 
Thus, the radionuclide studies disclosed disease in all 
43 patients with angiographically documented coro- 
nary heart disease. The diagnostic considerations, 
however, proved to be more ambiguous among the 
patients with normal angiograms from groups 2 and 3. 
The knowledge of the presence or absence of 
significant coronary artery disease in such patients has 
prognostic as well as therapeutic implications. Thus, 
the presence of symptom-free coronary heart disease, 
angiographically verified after the finding of a 
pathological exercise electrocardiogram,$ has recently 
been shown to carry a grave prognosis.!? On the other 
hand, normal coronary angiograms in similar patients 
have been reported to indicate a docu prog- 
nosis. 1415 

One side effect of cardiovascular surveys, dnd in 
particular surveys that include electrocardiographic 
exercise testing, is the identification of a large number 
of subjects with pathological exercise electrocardio- 
grams and/or mild or atypical angina.$!5 Radionu- 
clide techniques should be a valuable tool for further 
diagnostic evaluations in such cases. If the ?9?'TI 
studies only had been applied, however, one could 
easily have reached the conclusion that nothing was 
wrong with the men from group 2, for example. The 
99™Tc studies of left ventricular function, however, 
disclosed significant abnormalities in a high number 
of subjects from group 2 as well as from group 3. As 
presented above, several subjects showed less than a 
596 increase in left ventricular ejection fraction (or 
even a decrease) during exercise. Án increase in left 
ventricular ejection fraction of less than 596 has been 
said to indicate a pathological response,5 !! !? a view 
which is similar to ours among the 25 normal subjects. 
The subnormal response in subjects from group 2, 
and also to a lesser extent for patients from group 3, 
cannot be explained as a physiological ageing 
phenomenon since we did not find any association 
between age and left ventricular ejection fraction 
response.!$ Our findings of impaired myocardial 
function in subjects from groups 2 and 3 are in agree- 
ment with other recent reports. !? !8 

As mentioned above, two men from the original 
group of 36 men had died suddenly, and in addition 
three had developed congestive heart failure. In four 
men from group 2 nonspecific pathological myocar- 
dial changes were found in endomyocardial biopsies 
together with raised end-diastolic pressures, that is 
findings consistent with a diagnosis of car- 
diomyopathy."* In the light of these combined 
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findings it is conceivable that the ST depression in the 
exercise electrocardiograms as well as the subnormal 
increase in left ventricular ejection fraction during 
exercise reflect signs of cardiomyopathy in an early 
phase in several cases. 

The demonstration of coronary artery spasms as a 
probable cause of coronary artery narrowing associ- 
ated with angina pectoris has challenged the tradi- 
tional view that only fixed coronary artery stenoses 
may cause a reduction in blood flow sufficient to cause 
transient myocardial ischaemia.!??? In the present 
study reversible myocardial ischaemia related to poss- 
ible coronary artery spasm was rare, since it was only 
suggested in two patients from group 3 and none from 
group 2. This is in agreement with some and in 
conflict with other reports of similar groups of 
patients. 1$ 2! 22 The differences may be explained by 
differences in patient selection and also by the fact 
that we did not use drugs that could provoke coronary 
artery spasm.?? 

In conclusion, the application of radionuclide tech- 
niques in subjects with asymptomatic ST depression 
on exercise electrocardiogram and in patients with 
angina pectoris can help in identifying patients who 
probably have coronary heart disease or other heart 
diseases. Patients with pathological radionuclide 
findings should be followed closely and receive 
appropriate treatment. On the other hand, subjects 
with normal radionuclide findings should be consi- 
dered healthy and be reassured of a good prognosis. 
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SUMMARY Exercise and redistribution thallium-201 imaging is commonly used for the detection and 
evaluation of left ventricular ischaemia and infarction. The right ventricle is frequently visualised 
after stress and sometimes on redistribution images. The visualisation of the right ventricle at rest is 
thought to be abnormal and is suggestive of pressure or volume overload of the right ventricle, either 
a result of pulmonary hypertension or secondary to left ventricular dysfunction. Using stress and 
delayed 2°'T] imaging we have shown reversible left and right ventricular ischaemia and fixed left 
ventricular perfusion defects in two patients with multivessel coronary artery disease and left ven- 
tricular dyskinesia caused by prior myocardial infarction. Judging by the rarity of this finding as well 
as taking into consideration ??! T] kinetics, it is suggested that reversible right ventricular ischaemia 
after exercise may only be detected in patients with coronary artery disease who have severely 
compromised ventricular function. This finding may have therapeutic and prognostic significance. 


Though thallium-201 (29! TI) exercise and redistribu- 
tion imaging are accepted methods of detecting 
reversible left ventricular ischaemia resulting from 
coronary artery disease,! visualisation of right ven- 
tricular ischaemia is uncommon, particularly in 
patients undergoing exercise 2°!T1 imaging. The right 
ventricle not only has a smaller muscle mass but has 
less blood flow.? Thallium-201 has a low photon 
energy (69-83 KeV) so that tissue attenuation is high, 


and the target to background ratio is low. During ` 


exercise testing in normal subjects, however, the right 
ventricle can usually be visualised because the 
myocardial extraction fraction of 79! TI is increased. 
This produces a high target to background ratio and 
both the ventricles are visualised despite the ratio 
between the right and left ventricles remaining 
unchanged. When delayed imaging is used (two to 
four hours), the target to background ratio falls and 
only the left ventricle remains visible. 

The right ventricle is usually visible in exercise 
201T] images in normal and compromised hearts and 


the right ventricle may also be observed in the left © 


anterior oblique view in early redistribution images in 
normal patients.? Visualisation of the right ventricle 
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on scans performed at rest, however, is thought to be 
abnormal and usually implies pressure or volume 
overload of the right ventricle; such as in pulmonary 
hypertension‘ and right heart failure secondary to left 
ventricular failure.5 7 

We have shown reversible right ventricular 
ischaemia associated with left ventricular dysfunction 
and reversible left ventricular ischaemia in two 
patients with coronary artery disease. 


Patients and methods 


EXERCISE TESTING 

Maximal, symptom-related treadmill exercise testing 
was carried out using a modified Balke's protocol and 
leads CM5 and CC5 were continuously monitored 
(Marquette Electronics), as described elsewhere. 


THALLIUM-201 SCINTIGRAPHY 

Thallium-201 imaging was carried out using the same 
exercise procedure as above, and 2 mCi of ??'T] was 
injected intravenously through a cubital vein at peak 
exercise. The patient then continued for a further 60 


. seconds at a reduced workload. Imaging was carried 


out in three views (anterior, 45 degrees left anterior 
oblique, and left lateral views) seven to 10 minutes 
after exercise, and redistribution imaging was carried 
out four hours later. A high resolution collimator was 
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used to collect 300 000 counts in each view. The 
counts from the abdomen were shielded with a lead 
sheet. The data were stored on a computer (Gamma 
11, Digital) for later analysis. 

The data both “raw” and digitised were reported 
by three trained observers with good agreement. The 
computer was used to remove 4096 of the lower 
threshold and nine point smoothing was carried out. 

A positive identification of a perfusion defect was 
made semiquantitatively when there was 5096 or more 
reduction of counts in the ventricular wall as com- 
pared with a region of maximal myocardial count 
density containing about 5000 counts in a selected 
region of interest. Quantitative analysis of the relative 
lung uptake of ??' T] was also carried out.’ !? 


MULTIPLE GATED BLOOD POOL ANGIOGRAPHY 
Gated blood pool angiography was carried out using 
20 mCi of technetium-99m (°°"Tc) labelled red blood 
cells. Three million counts were recorded in the 
anterior and left anterior oblique views (40 degrees 
LAO with a 10 degree caudal tilt). Data were stored 
on a hard disc (Gamma 11, digital) and analysed using 
the method of Maddox et al.'' to obtain global ejec- 
tion fractions and to assess regional left ventricular 
wall motion. 


CONTRAST ANGIOGRAPHY 

Contrast left ventricular angiography and coronary 
arteriography were carried out using the Judkins 
technique and multiple views were obtained. 


Case reports 


CASE 1 

A 46 year old man presented with exertional angina 
nine months after an anterior myocardial infarction. 
Exercise testing showed 3 mm ST segment elevation 
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over leads presenting with “Q” waves in CM5 and 
CCS. The patient stopped at four minutes because of 
chest pain. Thallium-201 scintigraphy showed an 
enlarged heart, increased lung uptake of ?"'Tl, an 
anterior wall perfusion defect (fixed), and reversible 
perfusion defects of the inferior wall and of the 
inferior part of the right ventricle (Fig. 1). Multiple 
gated blood pool angiography showed apical dys- 
kinesia, anterior akinesia, and septal hypokinesia of 
the left ventricle. The calculated ejection fraction was 
1996. Coronary arteriography disclosed complete pro- 
ximal left anterior descending coronary artery occlu- 
sion (100%), 90% narrowing of the proximal right 
coronary artery with diffuse disease, and a non- 
dominant left circumflex coronary artery with less 
than 5096 narrowing. There was no established collat- 
eral circulation. Left ventricular angiography 
confirmed the findings of the radionuclide angiogram 
and a dyskinetic anteroapical aneurysm was demons- 
trated. 


CASE 2 

A 41 year old man with a history of a previous anterior 
myocardial infarction 14 months ago presented with 
mild exertional angina. Exercise testing showed ST 
segment depression in CMS and CC5 (2 mm in CC5) 
after nine minutes and the test was discontinued 
because he developed dyspnoea and slight chest pain. 
Thallium-201 imaging showed a fixed anterior wall 
perfusion defect. Reversible ischaemia was noted in 
the posterolateral left ventricular wall and in the free 
right ventricular wall (Fig. 2). Increased lung uptake 
of ?*'T] was also shown. Radionuclide angiography 
disclosed akinesia of the anterior and apical left ven- 
tricular wall. The calculated resting ejection fraction 
was 26%. Subsequent coronary arteriography showed 
complete occlusion of the left anterior descending 
coronary artery (100%) distal to a large marginal 


Fig. 1 LAO-AS* T] images after 
exercise testing (ex) and redistribution 
(re) four hours after exercise. The 
exercise image shows photon deficient 
areas in the infenor wall of the left 
ventricle and the inferior part of the 
free nght ventricle (arrows). The 
redistnbution tmage shows 
normalisation of the exercise perfusion 
defects and a persistent nght 
ventricular 1mage, which ts an 
abnormal finding on delayed images 
and 1s suggestive of nght ventncular 
overloading. 
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branch which had a 7096 stenosis at its origin. The 
occluded left anterior descending artery filled retrog- 
radely from its stenosed marginal branch. The left 
circumflex coronary artery had an irregular lumen 
with a 7096 stenosis at the middle and the right coro- 
nary artery was normal. Contrast left ventricular 
angiography confirmed the presence of an antero- 
apical aneurysm. 


Discussion 


Necropsy studies have shown that the posterior left 
ventricular wall is always involved in right ventricular 
infarction and that there is a 50 to 7596 chance of right 
ventricular involvement with inferior and inferoseptal 
left ventricular infarctions.'? Candell-Riera et al. 
using lead RV4 during exercise, echocardiography, 
haemodynamic studies, and ?""Tc myocardial infarc- 
tion imaging detected right ventricular involvement in 
more than 5096 of patients with acute inferior wall 
infarction. Thus, one may extrapolate from these data 
and postulate that exercise-induced right ventricular 
ischaemia may occur in association with reversible 
ischaemia of the inferior wall (right coronary artery 
territory) and/or lateral and posterolateral walls (left 
coronary artery territory) of the left ventricle. The 
demonstration, however, of reversible right ventricu- 
lar ischaemia using exercise and delayed redistribu- 
tion imaging with ??! Tl will only be possible when the 
right ventricle becomes visible either because of an 
increase in right ventricular overload secondary to left 
ventricular dysfunction or because of the presence of 
pulmonary hypertension. 

In a recent report, Brachman et al.'* described 
reversible ischaemia of the right ventricle in two 
patients with multiple vessel disease. Early redistribu- 
tion scans (40 minutes) rather than delayed post- 
exercise imaging (four hours) were reported to be of 
value for demonstrating reversible right ventricular 
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Fig. 2 LAO-4S° T] images after 
exercise testing (ex) and redistnbunon 
(re) four hours after exercise. The 
exercise scan shows perfusion defects 
in the lateral wall and in the inferior 
segment of the night ventricle (arrows). 
These defects return to normal on 
delayed images (re), but the persistent 
night ventricular image is suggestive of 
nght ventricular overloading. 


ischaemia, and it was thought that this finding would 
improve the sensitivity of detecting right coronary 
artery disease.'* We have shown reversible right ven- 
tricular ischaemia in two patients, however, using 
only the post-exercise and the delayed (four hours) 
scans. Furthermore, right ventricular ischaemia was 
demonstrated in the presence of a normal right coro- 
nary artery (case 2). Our patents not only showed 
evidence of depressed left ventricular function at rest 
but developed indications of exercise-induced left 
ventricular dysfunction and heart failure as evidenced 
by exercise-induced ST segment elevation in one (case 
1) and increased lung uptake of ??'T] in both 
patients.? !9 15 16 

The vascular supply of the right ventricle is usually 
from the right coronary (9096) and from the left cir- 
cumflex coronary (1096) artenes.'* Slutsky et al.,"' 
using exercise radionuclide angiography, showed a 
reducuon of right ventricular ejection fraction in 
patients with either right or left coronary artery dis- 
ease. They suggested that this might be secondary to 
left ventricular dysfunction associated with ischaemia 
of the left and right ventricles. 

Wackers et al.,'* using a dual isotope technique, 
found that 37-5% of patients with acute inferior wall 
infarction concentrated ?9"Tc-stannous pyrophos- 
phate (?9"Tc-pyp) in the right ventricle, whereas 
201'T] imaging identified left ventricular perfusion 
defects in all. This report,'* however, did not men- 
tion the number of patients who had increased right 
ventricular concentration of ?9?'T]. Sharpe et al.'* 
reported similar findings using gated radionuclide 
angiography, ?9""Tc-pyp, and M-mode echocardiog- 
raphy, and found that right ventricular function was 
impaired in patients with acute inferior infarction in 
whom *?*""Tc-pyp concentrated in the right ventricle. 
The limitation of °°"Tc-pyp is that it can only be used 
with moderate success in acute infarction and not in 
patients such as we have investigated. Sugrue et al. ?? 


Reversible ischaemia of right ventricle detected by exercise thallium-201 scintigraphy 


described an attractive method for calculating selec- 
tive right ventricular ejection fraction using ultra 
short lived 8$!2Kr (T12—13 s) given as an intravenous 
infusion. Using this method it is feasible that stress 
studies may be carried out in order to detect right 
ventricular ischaemia. Quantitative myocardial blood 
flow measurements to the right ventricle may be 
obtained by using single photon emission tomography 
and intraventricular injection of microspheres.?! 

In our institution we have not previously noted 
right ventricular ischaemia while assessing early redis- 
tribution in patients with coronary artery disease.? 
We feel that the early visualisation of the right ventri- 
cle, in the two cases reported by Brachman et al.,!^ 
was probably the result of increased right ventricular 
overload secondary to exercise-induced left ventricu- 
lar dysfunction in patients with multiple vessel dis- 
ease. 

Demonstration of reversible right ventricular 
ischaemia may be the result of either right or left 
coronary artery disease. The presence of associated 
reversible regional left ventricular ischaemia may be 
helpful in identifying the diseased coronary artery 
responsible for the dominant vascular supply to the 
right ventricle. In the presence, however, of estab- 
lished collateral circulation ?9'T] perfusion defects 
may not be visualised in patients with significant 
coronary occlusion.?? 

Though the concept of detecting right ventricular 
ischaemia with ?9' T] is an attractive one, the physical 
characteristic of ?9'T] and the difference between 
right and left ventricular blood flow make this a 
difficult application. 

The presence of. reversible right ventricular 
ischaemia on exercise and redistribution ??! T] images 
implies that either the right or left coronary artery is 
stenosed and that there is either pressure or volume 
loading of the right ventricle. In the presence of both 
left and right ventricular ischaemia one may be able to 
identify the coronary artery lesion responsible for 
right ventricular ischaemia. This finding may have 
therapeutic and prognostic significance, since occlu- 
sion of. the jeopardised coronary artery is likely to 
produce a biventricular failure which 1s more resistant 
to treatment. When considering medical treatment, 
afterload and preload reducing agents may help to 
improve ventricular function. 
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The Japanese 


Until they leave Japan. 


The mortality rate from coronary heart disease in Japan 1s among 
the lowest in the world. 


But when the Japanese emigrate to the Western world, the risk of 
heart ailments increases. 


Over a 7-year period, the Ni-Hon-San Study was conducted to 
consider the differences in coronary heart disease rates between men 
of Japanese ancestry still living in Japan, and those who moved to 
Hawaii and California. 


With the change in environment came certain changes of habit. 
Significant among them was a change of diet. 


In their home country, the Japanese eat food of low saturated fat 
content. 


The emigrants, however, tended to consume a higher saturated 
fat diet. In both Hawaii and California, an increase in the incidence of 
heart disease emerged — with serum cholesterol levels highest in those 
who went to live in California* 


With the current high levels of heart disease in Britain, it's obviously 
time the British changed to healthier habits. 


In all this, Flora margarine can make a | 
positive contribution. i 


Flora is made with pure sunflower 
oil, so it's high in polyunsaturates. 


Eaten as part of a properly balanced 
diet and combined with a sensible 
health routine, Flora can help your 
heart-risk patients enjoy an altogether 


— Flora. High in polyunsaturates. 
fitter, healthier lifestyle. The margarine that matters. 






* Epidemiologic Studies of Coronary Heart Disease and Stroke in Japanese men living in Japan, Hawaii and California. (American Journal of Cardiology, Feb. 1977} 


For further information, please contact: Flora Information Service, 25 North Row, London WIR 2BY. 
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Concise menu display enables all Medical Staff to operate the 
machine with ease and confidence. Please call or write for full details to 
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Coronary artery narrowing without irreversible 
myocardial damage or development of collaterals 
Assessment of "critical" stenosis in a human model 


ERLING FALK 
From the Institute of Pathology, Randers Centralsygehus, Denmark 


SUMMARY Postinfarction cardiac rupture is the result of thrombotic occlusion of a functional end 
artery with no previous myocardial damage in the perfusion area of the occluded artery. The 
pre-existing atherosclerotic stenosis at the site of thrombosis is thus “non-critical” in relation to the 
development of collateral vessels and/or irreversible myocardial damage. 

Eleven cases of postinfarction cardiac rupture were studie by microscopy of cross-sections of the 
thrombosed segments. At the site of the thrombosis, pre-existing atherosclerosis had narrowed the 
lumen to 1196 or less of its normal cross-sectional area. Maximal pre-existing narrowing of the 
proximal left anterior descending artery was found in a case with 9796 stenosis (histologically 
measured cross-sectional area reduction) and an estimated residual lumen of 0-71 mm". The pre- 
stenotic luminal area which is usually considered angiographically as normal" was in all cases 
shown histologically to be severely narrowed by a diffuse intimal thickening. 

It is concluded that organic coronary stenosis must be far greater than 7596 to be responsible for 


the development of collateral vessels and/or irreversible myocardial damage. 


Coronary artery stenosis that limits blood flow below 
basal demands is usually considered critical. In 
human disease, however, the term *'critical stenosis" 
is poorly defined, especially as no consistent relation 
has been documented between symptoms of 
ischaemic heart disease and the extent and severity of 
coronary narrowing.! ? In addition, a severe stenotic 
lesion may be bypassed and adequately compensated 
by collateral vessels, which make evaluation of the 
ischaemic significance of the stenosis, per se, impos- 
sible. In animal studies, however, a critical level of 
stenosis has been identified. Isolated proximal coro- 
nary stenosis has to reduce the luminal cross-sectional 
area by about 9596 before resting myocardial flow fails 
to meet the demand.*5 At that degree of acute obs- 
truction, the peripheral vascular bed is maximally 
dilated and further narrowing will cause myocardial 
ischaemia at rest. 

At necropsy we are occasionally provided with a 
human model which is comparable with the experi- 
mental, isolated coronary stenosis. Thus it has previ- 
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ously been shown that a uniform patho-anatomical 
substrate exists in postinfarction cardiac rupture, con- 
sisting of an acute coronary occlusion with a recent 
myocardial infarct which is transmural and totally 
unprotected by scar or collateral vessels. Conse- 
quently, in these hearts we find acute occlusions of 
functional end arteries, and the pre-existing organic 
stenosis at the site of thrombosis can thus be consi- 
dered “non-critical” in relation to the development of 
collateral vessels and/or irreversible myocardial dam- 
age. 

This paper presents a quantitative assessment of the 
pre-existing luminal narrowing in acutely thrombosed 
coronary arteries from 11 patients with postinfarction 
cardiac rupture. 


Subjects and methods 


Nine consecutive necropsy patients with heart rup- 
ture from Randers Hospital and two cases referred 
from another hospital in the same period (1 February 
1980 to 30 June 1981) form the basis for this study. 

After the heart was weighed the coronary arteries 
were gently flushed via the aorta with 100 ml 496 for- 
maldehyde solution and then a barium gelatine 
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medium at 40°C was injected under a pressure of 150 
mmHg maintained for 15 minutes. The medium was 
hardened by cooling and angiograms were taken in 
different projections. The heart was fixed for two 
weeks in a 4% formaldehyde solution, decalcified for 
three weeks in EDTA (ethylenediaminetetraacetic 
acid), and then stored for at least one week in forma- 
lin. The main coronary arteries and those of their 
branches thicker than 1 mm were cross-sectioned at 3 
mm intervals. Each segment, angiographically shown 
to be stenosed or occluded, was processed for micros- 
copy. All thrombosed segments were cross-sectioned 
at 200 um intervals and the point of maximal luminal 
reduction resulting from old atherosclerotic plaques 
was identified. The ventricular portion of the heart 
was cut into ] cm thick slices parallel to the atrioven- 
tricular groove, photographed, and x-rayed, with each 
slice placed directly on the film. Several histological 
sections were prepared from the perfusion area of 
each coronary artery and from the myocardium adja- 


Falk 


cent to the rupture. 


TISSUE SHRINKAGE 

To calculate the shrinkage that occurs when an artery 
is processed for microscopy the following experiment 
was performed. Unfixed segments of injected arteries 
were dissected free from the hearts, placed directly on 
radiographic film, and x-rayed. X-rays were repeated 
after fixation, dehydration, clearing, and embedding 
in paraffin. During this procedure and at the final 
microscopical examination of the histological sections 
it was observed that the shrinkage of the radio-opaque 
medium was equal to or a little more pronounced than 
the shrinkage of the artery lumen. The segments 
where the shrinkage of the x-ray medium equalled the 
luminal shrinkage were selected for measurements. 
The luminal diameters were measured on the radio- 
graphs and the luminal area shrinkage resulting from 
tissue processing was calculated. One-hundred and 
fifty measurements were done on 15 different vascular 
segments. 


Table 1 Clinical data in 11 patients with postinfarction cardiac rupture 














Case No Age (y) Sex Survival* (d) Preinfarction cardiac symptoms] 
I 82 F I None 
2 69 M <] Unstable angina 
3 69 M 3 None 
4 80 M «I None 
5 71 F «I Unstable angina? 
6 77 M 3 None 
7 79 M «1 Unstable angina 
8 67 M 4 weeks None 
9 74 F 10 weeks Unstable angina 
10 86 M «1 None 
11 68 M «I None 
*Histological dating of the infarcts according to the criteria of Mallory et al.? 
TNo patient had stable angina pectoris. 
Table 2 Histological and angiographic data tn 11 patients with postinfarction cardiac rupture 
Case Heart Thrombosed Size of Measured histological areas Calculated stenoses rue 
No weight artery perfuston - — — te idual⸗ 
(g) area Residual* Originalt Prestenotict Angiographic§ Histological lumen (mm?) 
lumen lumen lumen 
(mm?) (mm?) (mm?) 
1 430 LAD (prox) 3996 0-47 17.28 7:56 9496 9796 0-71 
2 450 LAD (prox) 42% 1-30 15-08 7-29 82% 91% 1-95 
3 370 LM 15% 0-94 11-20 2-54 6396 9296 1-41 
4 490 LAD 2096 1-07 13-66 4-01 7396 9296 1-61 
5 500 LAD 2196 0-26 ^ 11:33 5-51 95% 98% 0-39 
6 450 R 37% 0-47 12-53 6-36 9396 9696 0-71 
7 350 LAD 2296 1-47 13.78 4.32 6696 8996 2:21 
8 600 LAD (prox) 4396 0-51 24-62 5-18 9096 9896 077 
9 440 R 3796 1-13 19-60 7-29 84% 94% 1-70 
10 385 LAD 2296 0-55 13-17 4-12 87% 96% 0-83 
11 430 LAD 2296 1-63 15-87 11-92 86% 90% 2-45 





Abbreviations: LAD, left anterior descending artery; (prox.) indicates that the occlusion is located proximal to the first diagonal branch; LM; 


left marginal branch; R, right coronary artery. 
* Cross-sectional luminal 
Cross-sectional area encircled by the internal elastic membrane. 


area at maximal stenosis resulting from old atherosclerotic plaques. 


Cross-sectional Iurninal area of adjacent prestenotic segment which, angiographically, would be judged as “normal”. 


§ Residual lumen/prestenotic lumen. 
{| Residual lumen/original lumen. 


** Residual lumen corrected for shrinkage caused by processing for microscopy (residual lumen x 3/2). 





Fig.1 Case 2 illustrating how severe a stenosis can be without collatral development or evidence of irreversible myocardial damage in 
the form of scar. (A) Postmortem angiogram in the anteroposterior view showing total occlusion of the proximal left anterior descending 
artery (thick arrow) without collateral distal filling of the vessel (original natural size). (B) Radiograph of a transverse myocardial 
slice showing no collateral vascular filling in the perfusion area of the left anterior descending artery (original natural size). 

(C) Photograph of the same myocardial slice showing rupture of the anterior left ventricular wall. Microscopy showed anteroseptal 
infarction less than 1 day old; no myocardial fibrosis was present (original natural size). (D) Histological section from angiographic 
"normal" segment (thin arrow in A) showing diffuse intimal thickening with the lumen 64% obliterated (original magnification x 8). 
(E) Histological section showing occluding thrombus at the site of maximal atherosclerotic narrounng (thick arrow in A). This degree 
of old stenosis (9196 cross-sectional area reduction) has not caused collateral development or produced irreversible myocardial damage 
in the form of fibrosis. In this case a histological area stenosis of 91% corresponds to an angiographic area stenosis of 82% (original 
magnification X 8). 


* Falk 





Fig.2 Correlation of angiographic and pathological findings (case 5). (A) Angiogram showing total occlusion of left antenor 
descending artery (thick arrow) with poor collateral distal filling of the vessel (original natural size). (B) Histological section of the left 
anterior descending artery just after the bifurcation of the left main artery (thin arrow) where the vessel angiographically appears 
“normal” with a wide lumen. Nevertheless, the luminal narrowing resulting from diffuse atherosclerotic intimal thickening is 7 1% at 
that point. That is the reason why the real stenosis 1s consistently underestimated angiographically (original magnification X 14). 
(C) Histological section from the left anterior descending artery at the site of maximal stenosis resulting from old atherosclerotc plaques 
(thick arrow); the residual lumen is occluded by a recent thrombus. The histological area stenosis of 98% corresponds m this case to an 


angiographic area stenosis of 95% (original magnification X 14). 


Coronary artery narrowing, myocardial damage, and collaterals 
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Fig. 3 Shrinkage of tissue and contrast medium caused by processing for microscopy. (A) Radiograph of an unfixed vascular 
segment placed directly on the x-ray film. (B) The same segment after fixation and decalcification. (C) The same segment after 
dehydration, clearing, and paraffin infiltration. That the shrinkage of the contrast medium equals the luminal shrinkage is shown by 
radiographs of corresponding cross-sections and by microscopy of the final histological sections (D). The total shrinkage (A to C) results 
in a reduction of the luminal area to approximate two thirds of the original area of the unprocessed vessel. ((A), (B), and (C) original 


magnification X 2-5; (D) original magnification * 11)). 


PERFUSION AREA 

The relative amount of ventricular myocardium sup- 
plied by the three large coronary arteries varies 
according to the anatomy of the coronary artery tree. 
The perfusion areas of the coronary arteries were 
identified from the angiograms, and the percentage of 
ventricular myocardium supplied by each artery was 
determined according to the results of Kalbfleisch and 
Hort.’ The perfusion area of the first diagonal branch 
was considered as large as that of the left anterior 
descending artery distal to the first diagonal branch.* 


DEFINITIONS 

Histological stenosis: the ratio between the cross- 
sectional area of the residual lumen and the assumed 
original cross-sectional luminal area of the vessel at 
the point under consideration (the area encircled by 
the internal elastic membrane). All cross-sectional 
areas are calculated from measurements of maximal 
and minimal diameters assuming an elliptical cross- 
section (measured by projection microscopy using a 
Reichert Lanometer). 

Angiographic stenosis: the ratio between the stenotic 
luminal area and the greatest prestenotic luminal area 
(which angiographically would be judged as “nor- 
mal"). As the vessels in question are thrombosed and 
thus not visualised on the angiograms, the two areas 
had to be determined by microscopy of the histologi- 
cal sections. 


Results 


Clinical and pathological findings are summarised in 
Table 1 and 2. 


Recent thrombi superimposed on atherosclerotic 
plaques were found in all patients, and the site of 
myocardial rupture corresponded with the point of 
arterial occlusion. At the site of the thrombus, all 
pauents had histological stenosis of more than 8996 
caused by old atherosclerotic plaques. Apart from 
cases 8 and 9, the angiograms disclosed no collateral 
vessels bypassing the thrombotic occlusions (Fig. | 
and 2) and careful microscopical examination of the 
myocardium showed no fibrosis in the perfusion area 
of the thrombosed artery. Cases 8 and 9 hac ruptured 
ventricular aneurysms. The prestenotic segments 
which, on angiograms, are usually considered as 
"normal" were in all cases severely narrowed because 
of diffuse intimal thickening (confluent atherosclero- 
tic lesions) (Fig. 1 and 2). Formalin fixation did not 
cause any significant tissue shrinkage (no difference 
between vessels dissected free and vessels in situ) but 
the subsequent tissue processing resulted in a reduc- 
tion of the luminal area to approximate two-thirds of 
the original area of the unfixed vessel (median: 65%, 
range: 5096 to 7496) (Fig. 3). 


Discussion 


Necropsy studies have shown that the infarction size 
is usually smaller than the perfusion area of the ob- 
structed vessel!?"!? and even cases of total coronary 
occlusion with no myocardial damage have been 
reported. '! '? The ability of collateral vessels to pro- 
tect jeopardised myocardium is thus obvious. There- 
fore, to evaluate the ischaemic significance of organic 
stenoses, one has to identify stenotic lesions not 
bypassed by collateral vessels. But as many functional 
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collateral vessels are below the resolution of modern 
cineangiographic equipment,!^ in vivo determination 
of the human “critical stenosis" may be unreliable. 
The degree of coronary artery narrowing causing 
irreversible myocardial damage is thus poorly defined 
clinically. In fatal heart disease, however, the nec- 
ropsy occasionally discloses postinfarction cardiac 
rupture, and in these cases the existence of significant 
collateral vessels can be excluded in the light of func- 
tional considerations, not merely because of inability 
to detect such vessels angiographically. 

Thus, using a refined injection and dissection tech- 
nique, Wessler et al. b have shown that postinfarction 
cardiac rupture is the result of thrombouc occlusion 
of a functional end artery with no evidence of previous 
myocardial damage (fibrosis) in the perfusion area of 
the thrombosed artery. The reliability of their techni- 
que in showing collateral vessels in human hearts 
without coronary artery disease has been ques- 
tioned!?!* but their method has been reliable in 
hearts with coronary occlusions.!5 The present study 
was not undertaken to clear up the pathogenesis of 
postinfarction cardiac rupture, but our results are in 
agreement with the results of Wessler et al. Cases 8 
and 9 are unusual cases of late myocardial rupture 
(ruptured aneurysms four and 10 weeks after the 
acute infarction) and the angiographically visible col- 
lateral vessels have probably developed secondarily to 
the thrombotic occlusions. 

The aim of our study was to determine the maximal 
degree of old organic obstruction in the thrombosed 
coronary artery in cases of postinfarction cardiac rup- 
ture. These stenoses have not yet reached a degree 
that causes collateral development and/or irreversible 
myocardial damage. 

Many pathologists consider an histological area 
stenosis of 7596 as significant.! !? 18 This study, how- 
ever, shows that a pure organic stenosis far greater 
than 7596 may be well tolerated. Thus, stenoses grea- 
ter than 95% were observed without evidence of 
irreversible myocardial damage in the corresponding 
perfusion area. 

Minor degrees of organic obstruction may of course 
be clinically significant in causing myocardial 
ischaemia and angina during exercise and, if vasocon- 
striction (spasm) is superimposed, even at rest. !? ?? 

Histological stenosis is not comparable with angio- 
graphic stenosis. The pathologist compares the 
residual lumen with the presumed original lumen 
(area encircled by the internal elastic membrane) 
while the clinician compares the most narrowed seg- 
ment with the adjacent "normal" arterial segment as 
depicted on the angiogram. The adjacent "normal" 
segment, however, is never normal, as the coronary 
arteries in ischaemic heart disease in addition to focal 
stenotic lesions have diffuse intimal thickening!® 
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which often corresponds to a histological area reduc- 
tion of 75%.''8 The result is that the angiographer 
compares stenotic segment with adjacent "normal 
looking" but, nevertheless, narrowed segment, and 
the real degree of stenosis is thus consistently under- 
estimated. To overcome this problem in 
angiographic-histological correlative studies, it is 
necessary to measure the stenotic residual lumen pre- 
cisely and then to calculate the true size of the lumen. 
The clinician has to compensate for dimensional 
errors caused by angiographic magnification while the 
pathologist has to correct for postmortem alterations 
and tissue shrinkage secondary to processing for mic- 
roscopy. Our histological procedures resulted in an 
area reduction to two-thirds of the area of the unpro- 
cessed vessel. This figure is in general agreement with 
the results obtained by measurements of volume 
changes of whole organs and tissue specimens fixed in 
formalin and processed for embedding in 
paraffin .*! ?? 

McMahon et al.?? have measured angiographically 
the minimum cross-sectional lumen area in patients 
with unstable angina and proximal single vessel dis- 
ease without collateral vessels and found it 0-6 mm? 
(92% cross-sectional area reduction). Our cases 1, 6, 
and 8 show proximal stenoses with a residual lumen of 
the same magnitude (0-71, 0-71, and 0-77 mm^). As all 
stenoses in our cases are “non-critical”, the present 
study fully confirms the observation of McMahon 
et al. that a very severe coronary stenosis can be toler- 
ated in a functional end artery without irreversible 
myocardial damage in the perfusion area of the ob- 
structed vessel. Stenotic coronary lesions with less 
than 90% angiographic diameter reduction can 
undoubtedly produce myocardial ischaemia and angi- 
nal pain during exercise, but from a haemodynamic 
point of view they are of moderate degree only, since 
they are practically never accompanied by angiog- 
raphically visible collateral circulation. '^ ?* The pres- 
ent pathological study confirms clinical observations 
that an organic stenosis has to be very severe to be 
held responsible for development of collateral vessels. 


The author thanks Drs Jens Vilhelm Thorborg and 
Jens Sand Kristensen for their help. 
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Captopril as treatment for patients with pulmonary 
hypertension 
Problem of variability in assessing chronic drug treatment 
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SUMMARY We gave captopril, an angiotensin converting-enzyme inhibitor, to four patients with 
unexplained pulmonary hypertension to see if it would lower pulmonary arterial pressure or pulmo- 
nary vascular resistance. The patients were studied at rest and during supine bicycle exercise, before 
and after 48 hours of captopril treatment (up to 450 mg/day). During the treatment, each patient was 
monitored, with systemic and pulmonary pressures measured hourly, and cardiac output every two 
to four hours. We found no significant effect of captopril, either at rest or with exercise, on the 
cardiac output, pulmonary artery pressure, or pulmonary vascular resistance, measured at the end of 
48 hours treatment. We noted, however, that during the 48 hour period, all patients showed 
pronounced swings in their pulmonary and systemic artery pressures and cardiac outputs that had 
no relation to the administration of captopril or time of day. We conclude that captopril appears to 
be ineffective in causing a sustained reduction in the pulmonary artery pressure or pulmonary 
vascular resistance in patients with primary pulmonary hypertension. It appears, however, that 
these patients exnerience spontaneous variability in their pulmonary resistance from hour to hour 
which needs to be further studied before a reliable assessment of long-term drug treatment can be 


made. 


Primary pulmonary hypertension is regarded as a fatal 
disease for which no established treatment exists.! 
There has been recent interest in the use of vaso- 
dilator drugs in these patients in the hope of lowering 
their pulmonary arterial pressures and pulmonary 
vascular resistances.? Several case reports have 
described the beneficial effects of such drugs,? 5 but 
no single agent has been identified that is clearly 
superior in this regard. 

Captopril represents a new class of vasodilator 
drugs, the angiotensin converting-enzyme inhibitors. 
The role that angiotensin II plays in the development 
of pulmonary hypertension is unclear, but it has been 
suggested that it may be a factor in some types of 
pulmonary hypertension. The peptidyl dipeptide 
hydrolase that converts angiotensin I to angiotensin II 
is found largely in the lung,? raising the possibility 
that the drug may be able to work locally to reduce 
pulmonary artery pressure. 
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In this study we tested the hypothesis that captopril 
would lower the pulmonary artery pressure and pul- 
monary vascular resistance in patients with vasocons- 
trictive pulmonary hypertension either at rest or with 
exercise. In addition, we made additional observa- 
tions regarding the variability in the haemodynamics 
of the pulmonary and systemic vasculature in these 
patients by continuously monitoring their pulmonary 
pressures and cardiac outputs for 48 hours during the 
initiation of drug treatment. 


Subjects and methods 


PATIENT SELECTION 

The study group consisted of four patients with pul- 
monary hypertension of undetermined aetiology. 
Each patient had a chest x-ray film, full pulmonary 
function tests, and lung scanning to exclude intersti- 
tial lung disease or pulmonary emboli. They also had 
echocardiography and a full right and left heart 
catheterisation to exclude cardiac causes for pulmo- 
nary hypertension, including left to right shunts. In 
addition, three patients had open lung biopsies which 
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. were consistent with primary or *'idiopathic" pulmo- 
nary hypertension, without evidence for any occult 
pulmonary disease (see Table 1). A definite diagnosis 
was made of primary pulmonary hypertension in 
three patients. The fourth patient (case 2) had an 
antecedent history of closure of a ventricular septal 
defect at 3 years of age. Though he had no residual 
shunt, it is possible that he represents persistent pul- 
monary hypertension, rather than primary pulmonary 
hypertension. 


PROCEDURE 

The study was approved by the Institutional Review 
Committee and informed consent was obtained from 
each patient. All patients had been previously given a 
vasodilator drug (tolazoline and/or hydralazine) 
intravenously, with a resultant fall in their pulmonary 
vascular resistances (mean reduction 20%, range 3% 
to 47%) (see Table 1). Patients were rested in bed for 
at least 12 hours before the study, on a general unre- 
stricted salt diet, and no change was made in their 
drugs. Control haemodynamic measurements were 
obtained, after an overnight fast, in the cardiac 
catheterisation laboratory. After the resting data were 
obtained, the patients were exercised on a supine 
bicycle ergometer for four minutes at 350 kpm. They 
were then transferred, with arterial and Swan-Ganz 
catheters in place, to the coronary care unit where 
they underwent continuous monitoring until the 
morning of the third day (40 to 46 hours later) while 
captopril was given orally every eight hours in the 
following doses: 25 mg, 50 mg, 100 mg, 150 mg. The 
patients were kept on the highest dose of captopril 
tolerated (which was 150 mg every eight hours except 
for case 3 who was kept on 100 mg every eight hours 
because of systemic hypotension). The patients 
returned to the catheterisation laboratory on the 
morning of the third day, after an overnight fast, 90 
minutes after their last dose of captopril. 
Haemodynamic measurements were again taken with 
the patient at rest, and then with exercise, which 
ended the study. 
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HAEMODYNAMIC STUDY 
Either a 7F Swan-Ganz catheter or a 7F Cournand 
catheter was placed in the pulmonary artery via an 
antecubital vein cutdown. The radial artery was can- 
nulated with a short Teflon catheter. Measurements 
were made of the systemic arterial pressure (SAP), 
right atrial pressure (RAP), pulmonary artery pres- 
sure (PAP), and pulmonary wedge pressure (PWP) 
(in mmHg) with a 23db Gould-Statham pressure 
transducer and recorded on a multichannel recorder 
(E for M, VR 16). Mean pressures were derived from 
electronic integration. Thermodilution cardiac out- 
puts (CO) were determined (in litres/min) using stan- 
dard techniques (Edwards 9150 CO computer). Fick 
cardiac outputs were performed with exhaled gas 
analysed in a paramagnetic oxygen analyser (Beckman 
MMC), and arterial oxygen saturations measured in a 
co-oximeter (IL Instrument Laboratory 282). Values 
for vascular resistances were calculated (in dynes s 
cm^5) from the following formulae: 

Systemic vascular resistance (SVR)- (SAP - RAP/ 

CO)x80 
Total systemic resistance (TSR)=(SAP/CO) x 80 
Pulmonary vascular resistance (PVR)= 
(PAP - PWP/CO)x 80 

Total pulmonary resistance ( TPR)- (PAP/CO) x 80 
Exercise was performed in the supine position with a 
bicycle ergometer at 350 kpm for four minutes, with 
pressures recorded for the last 10 seconds of each 
minute of exercise and cardiac output measured dur- 
ing the fourth minute of exercise. One patient show- 
ing a favourable drug effect was placed on long-term 
oral treatment with repeat catheterisation after three 
months. 


STATISTICAL ANALYSIS 

Mean levels of the haemodynamic variables, before 
and after administration of captopril, were calculated 
for the resting and exercise states. Because of the 
small number of the sample size a simple non- 
parametric test (the sign test) was selected to assess 





Table 1 Characteristics of patients studied 
Case No. Age/Sex Known length of Findings on lung biopsy Other drugs Response to 
time with pulmonary vasodtlator 
hypertension 
i ILE 2 y Severe medial hypertrophy, mild None PVR down 10% with TOL 
intimal proliferation H and E 
grade 3 
2 21M 10 mth Medial hypertrophy, distinct None PVR down 2096 with TOL 
intimal fibrosis H and E grades 
3-4 
3 45 M 10 y Mild medial hypertrophy and Digoxin 0-25 mg, PVR down 30% with TOL 
intimal proliferation H and E frusemide 40 mg and 46% with HYD 
grades 2~3 
4 47M 7v Not done None PVR down 396 with HYD 





H and E, Heath and Edwards classification for pulmonary hypertension!; HYD, hydralazine 0-3 mg/kg intravenously; PVR, pulmonary 


vascular resistance; TOL, tolazoline 1 mg/kg intravenously. 
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the statistical significance of the drug effects on each 
variable. The variability of haemodynamic indices 
noted over time was calculated as the mean value for 
each individual patient, with the corresponding stan- 
dard deviation from the mean. 


Results 


The results of the effects of captopril on 
haemodynamics at rest after 48 hours of treatment is 
shown in Table 2. As a group, the patients had mildly 
reduced cardiac outputs and conspicuously raised 
pulmonary artery pressures and pulmonary vascular 
resistances. With captopril treatment there was an 
overall mean increase in cardiac output from 3-23 to 
3-54 l/min, and a reduction in pulmonary vascular 
resistance from 1363 to 1310 dynes s cm ^5. The mean 
pulmonary artery pressure rose from 62 to 65 mmHg, 
but none of these haemodynamic changes was of 
statistical significance. The only significant effect of 
the drug was in reducing the systemic vascular resis- 
tance, from 2532 to 2054 dynes s cm 5. 


EFFECTS OF CAPTOPRIL ON EXERCISE (Table 3) 

As a group, the cardiac output was reduced from 5-42 
to 5-10 l/min, and the pulmonary artery pressure was 
increased, from 87 to 91 mmHg with exercise on cap- 
topril. Total pulmonary resistance increased from 
1393 to 1430 dynes s cm 5, while total systemic resis- 


Table 2 Effects of captopril on haemodynamics at rest* 
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tance was virtually unchanged. None of these effects, 
however, achieved statistical significance. 


LONG-TERM TREATMENT WITH CAPTOPRIL 

The relative effect of captopril on the systemic and 
pulmonary resistances was also noted in each patient. 
In three of these patients the reduction that occurred 
at rest in systemic vascular resistance exceeded the 
reduction in pulmonary vascular resistance. In one 
patient, the opposite was true, namely the pulmonary 
resistance fell more than the systemic vascular resis- 
tance (2496 vs 1396, respectively). This patient was 
placed on long-term oral treatment with 150 mg cap- 
topril three times a day for three months, at which 
time she was restudied. The results of the restudy are 
shown in Table 4. Though there was a further reduc- 
tion in systemic vascular resistance noted after three 
months, we could not demonstrate any sustained 
reduction in pulmonary artery pressure, nor was there 
any apparent beneficial influence on exercise 
haemodynamics. In addition, the drug now appeared 
to have a relatively greater effect on the systemic resis- 
tance than the pulmonary resistance as compared with 
the control state (26% vs 1396 reduction, respec- 
tively). For these reasons the drug was discontinued. 


VARIABILITY OF PULMONARY ARTERY PRESSURE 
IN PULMONARY HYPERTENSION 
Each of the patients in the study group were moni- 











Case No. Cardiac output Mean systemic Mean pulmonary Pulmonary wedge PVR m SVR 

(lémin) pressure (mmHg) pressure (mmg) pressure (mmHg) — (dynes sem.) (dynes s cm. 5) 

Before After Before After Before After Before After Before After Before After 
1 3-57 4-23 97 100 70 66 3 6 1501 1135 2106 1834 
2 3-55 4-06 74 80 64 78 3 2 1375 1497 1662 1536 
3 3-28 3-13 112 82 65 62 6 1439 1431 2585 1942 
4 2-53 2-72 124 104 48 52 12 12 1138 1176 3776 2903 
Mean 3-23 3-54 102 92 62 65 6 1363 1310 2532 2054 
SEM 0-24 0-36 10-8 6.1 48 5-4 2-1 2:1 79 90 455 296 
p value NS NS NS 0-0625 
PVR, pulmonary vascular resistance; SVR, systemic vascular resistance. 
* Measurements on captopril treatment were made 90 minutes after the last dose administered. 
Table 3 Effects of captopril on haemodynamics with exercise 
Case No. Cardiac output (Imin) Mean systemic Mean pul Total pulmonary Total systemic 

: pressure (mmHg) pressure (mmHg) resistance — resistance 
(dynes s cm 5) (dynes s cm™5) 

Before After Before After Before After Before After Before After 
l 7-24 6-23 118 130 90 110 994 1412 1304 1669 
2 5-49 620 109 103 100 100 1457 1290 1588 1329 
3 5-16 4-37 112 92 94 92 1457 1684 1736 1684 
4 3-80 3-60 134 124 62 60 1305 1333 2821 2755 
Mean 5-42 5-10 118 112 87 91 1303 1430 1862 1859 
+SEM 0-71 0-66 5-6 8-9 84 10-8 109 88 332 310 
p value NS N N NS NS 
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Table 4 Short-term and long-term effects of captopril in one patient with primary pulmonary hypertension 
Mean systemic Mean pulmonary Cardiac output Systemic vascular Total systemic Pulmonary vascu- Total pul- 
pressure pressure (limin) resistance resistance. lar resistance monary 
(mmHg) (mmHg) (dynes s cm^ 5) (dynes s cm 5) (dynes s cm" 5) resistance 

(dynes s cm™ 5) 

R 97 70 3.57 2106 2173 1501 1569 

Ex 118 90 7:24 1304 994 

R-Cl 100 66 4-23 1834 1981 1135 1248 

Ex-C1 130 110 6-23 1669 1412 

R-C2 97 76 4-08 1532 1552 1312 1490 

Ex-C2 139 132 7-08 1288 1344 





Cl, with captopril after 48 hours; C2, with captopril after three months; Ex, exercise; R, rest. 


tored in the coronary care unit for 40 to 46 hours after 
the establishment of control haemodynamics in the 
catheterisation laboratory while captopril was given, 
with pulmonary and systemic pressures recorded 
hourly and cardiac output measured every two to four 
hours. We plotted the hourly changes in pulmonary 
artery pressure, systemic pressure, cardiac output, 
total systemic resistance, and pulmonary vascular 
resistance that occurred over this period in each 
patient to determine if a beneficial effect of the drug 
could be related to the dose or timing of the drug 
administration. We noted that each patient showed 
pronounced swings in the level of their pulmonary 
and systemic pressure and cardiac output that had no 
relation to the time or dose given of captopril, time of 
day, meals, or wakefulness (see Table 5 and Fig. 1 
and 2). Though the study design dictated that the 
short-term effects of captopril be reassessed in the 
catheterisation laboratory after 48 hours of treatment, 
it became apparent retrospectively that the timing of 
the final measurements could have altered the assess- 
ment of drug effectiveness. 


Table 5 Variability in pulmonary artery pressure, systemic 
pressure, and cardiac output over 48 hours of continuous 
monitoring dunng captopril administration 





Casel Case2 Case3 — Case4 
Mean pulmonary 
arterial —— 
8 
Minimum 46 40 64 48 
Maximum 86 65 93 66 
Mean (over 48 h) 68 57 76 56 
zSD 10-8 5-0 4-9 6-0 
Mean systemic pressure 
mmHg) 
Minimum 61 S0 67 98 
Maximum 123 83 112 144 
Mean (over 48 h) 89 69 82 118 
xSsD 19-0 9.5 7-4 12-2 
Cardiac output 
(l/min) 
inimum 3.56 2.85 3.13 2:53 
Maximum 4.35 5.46 5.94 3.40 
Mean (over 48 h) 4-04 4-02 4-56 2-86 
SD 0-22 0-60 0-65 0-47 


Discussion 


Although no established treatment for patients with 
primary pulmonary hypertension exists, vasodilating 
drugs have been used recently in these patients with 
the hope of achieving a sustained reduction in the 
pulmonary artery pressure. Reports of sustained ben- 
eficial drug effects have been spóradic and limited to 
only a few patients.5 Current interest has been 
focused largely on drugs that are direct arterial vaso- 
dilators, such as hydralazine, diazoxide, and 
nifedipine. Captopril represents a unique drug in that 
it appears to work by its ability to block angiotensin 
II,5 a potent vasconstrictor. Like the direct vaso- 
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Fig.l The hourly changes that occurred in the mean pulmonary 
artery pressure of one of the patients studied plotted over time. 
The timing and dosage of captopril given are indicated, as well as 
the time of day. There does not appear to be any relation between 
drug administration and the pulmonary arterial pressure 
recorded. Peak effect of oral captopril is 90 minutes. 
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Fig. 2 The serial changes tn the calculated pulmonary vascular 
resistance in another patient plotted over time. The timing and 
dosage of captopril given are indicated, as well as the time of 
day. There does not appear to be any relation between the drug 
administration and the pulmonary vascular resistance. 
Variability in the pulmonary pressure and pulmonary resistance 
was noted in all of the patients studied. 


dilators, captopril has been shown to be effective in 
lowering the systemic arterial pressure in patients 
with essential hypertension,? and in raising the car- 
diac output in patients with heart failure. !? 

Our study failed to show any sustained beneficial 
effect of captopril on the pulmonary haemodynamics 
of patients with primary pulmonary hypertension. 
Though the role of angiotensin H in the genesis of 
pulmonary hypertension is unclear,!! captopril 
offered the possibility of reducing the pulmonary 
artery pressure either through angiotensin II block- 
ade, or by increasing circulating prostaglandin El, a 
potent pulmonary vasodilator.!? Though neither 
renin nor prostaglandin El levels were measured in 
this study, the drug did have the expected phar- 
macological effect of reducing the systemic vascular 
resistance in every patient. 

One may question whether captopril would have 
been effective if larger doses were administered. The 
decision to limit the maximum daily dose to 450 mg 
was based on data showing that higher doses have 
been no more effective in lowering the systemic blood 
pressure in patients with essential hypertension, but 
are associated with an increased incidence of unto- 
ward effects.!? Captopril has been effective in lower- 
ing systemic pressures in patients with severe hyper- 
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tension resistant to treatment in doses of 150 mg or 
less every eight hours.!* 

It is also possible that captopril would have been 
effective.if it were administered long term. There are 
some data to suggest that the beneficial effects that 
captopril has in raising the cardiac output in patients 
with heart failure are enhanced the longer the drug is 
administered.!5 In the single patient who had the 
most favourable response to short-term captopril, we 
were unable to show any improvement when the drug 
was continued for three months. 

The variability in pulmonary and systemic pres- 
sures and cardiac output that was noted during the 
period of continuous monitoring uncovers an aspect 
of primary pulmonary hypertension that needs to be 
addressed. It has never been determined what consti- 
tutes a clinically significant reduction in pulmonary 
arterial pressure in these patients. Variability in the 
pulmonary arterial pressure of one other patient with 
primary pulmonary hypertension has been previously 
described,!6 but this was felt to be an unusual occur- 
rence. Our experience suggests that this may be a 
common phenomenon. In order to establish what 
magnitude of change in pulmonary artery pressure or 
pulmonary vascular resistance would be significant, 
the amount of spontaneous alteration of these vari- 
ables that occurs in these patients needs to be known. 
All of the patients in our study were receiving capto- 
pril while being monitored. Thus it is possible that 
the variability noted was drug related. We were 
unable, however, to associate the hourly changes in 
pulmonary or systernic resistance with the dosage or 
time of drug administration, time of day, meals, or 
wakefulness. It remains to be determined how much 
variability exists in the pulmonary and systemic circu- 
lations of these patients when no drugs are being 
taken. 

In summary, captopril appears to be ineffective in 
producing a sustained reduction in pulmonary arterial 
pressure or pulmonary vascular resistance in patients 
with primary pulmonary hypertension, at rest or with 
exercise. Such patients, however, show a distinct 
spontaneous variability in their systemic and pulmo- 
nary pressures and cardiac outputs from hour to hour. 
Thus, in order to establish what change in pulmonary 
arterial pressure or pulmonary vascular resistance 
would be significant with long-term oral drug treat- 
ment in an individual patient, a prospective study to 
assess the magnitude of this variability in these 
patients when untreated is needed. 
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Left ventricular function in hypothyroidism 
Responses to exercise and beta adrenoceptor blockade 
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SUMMARY The effects of exercise and beta adrenoceptor blockade on left ventricular function were 
assessed in eight patients with hypothyroidism before and during thyroxine replacement treatment. 
Left ventricular ejection fraction, measured by radionuclide ventriculography, was reduced in 
hypothyroid patients at rest and on exercise. The rise in ejection fraction with exercise was, how-. 
ever, similar in both groups. Pretreatment with intravenous propranolol reduced the ejection frac- 
tion at rest 996 in both hypothyroid and euthyroid patients and reduced the rise on exercise. 
Directional changes in a second index of myocardial contractility based on the shape of the ventricu- 
lar volume curve paralleled the changes in the ejection fraction. Left ventricular function is therefore 
reversibly depressed by thyroid hormone deficiency but responses to exercise and beta adrenoceptor 
blockade are normal. There is no evidence of altered adrenergic sensitivity in the control of myocar- 


dial contractility in hypothyroidism. 


The clinical effects of varying thyroid function on the 
cardiovascular system have been recognised for many 
years. The mechanism of altered myocardial contrac- 
tile function in hypothyroidism has, however, been 
less intensively studied. The bradycardia and car- 
diomegaly of myxoedema are familiar, and experi- 
mentally impaired myocardial contractility is well 
documented.!^? A few studies in man, mainly using 
measurement of systolic time intervals, have 
confirmed impaired myocardial contractile function 
by showing prolongation of the pre-ejection period*~ 6 
though changes in left ventricular ejection time have 
been inconsistent.$7 More recently, echocardiog- 
raphic techniques have been used to show the relation 
between thyroid hormone levels and velocity of cir- 
cumferential fibre shortening at all levels of thyroid 
function.? 

The influence of the sympathetic nervous system in 
maintaining myocardial contractile function in states 
of thyroid hormone deficiency is unknown. Early 
studies suggested that alterations in cardiac sensitivity 
to catecholamines could not explain the hypodynamic 
circulatory state characteristic of the condition.? !? 
Radioligand binding studies, however, have shown 
that both beta and alpha adrenoceptor density is 
decreased in ventricles from propylthiouracil-treated 
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rats,!! thus providing a mechanism for reduced 
adrenergic sensitivity. Myocardial cyclic AMP and 
contractile responses to beta adrenoceptor agonists 
were not assessed and therefore the functional 
significance of these observations remains uncertain. 

The purpose of this study was to examine left ven- 
tricular contractile function and its response to exer- 
cise and beta adrenoceptor blockade in patients with 
hypothyroidism before and after thyroxine replace- 
ment treatment. In the absence of major changes in 
preload and afterload, left ventricular ejection fraction 
reflects the intrinsic contractile state of the heart. 
Radionuclide ventriculography is a sensitive and non- 
invasive technique for assessment of ventricular func- 
tion at rest and on exercise. 


Patients and methods 


Eight hypothyroid patients, all women, with a mean 
age of 53 years (range 37 to 69 years) were investi- 
gated. The diagnosis of hypothyroidism was made 
clinically and on the basis of reduced levels of plasma 
total thyroxine (T4) associated with a rise in plasma 
thyrotrophin (TSH) (Table 1). No patients were 
receiving drugs at the time of the first investigation. 
Seven had spontaneous primary hypothyroidism and 
one (case 8) developed hypothyroidism after 15 mCi 
radioiodine !?'I for hyperthyroidism four months 
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Table l Age at presentation, weight, and thyroid function at time of angiographic investigation in patients when hypothyroid and 





euthyroid 

Hypothyroid Euthyroid 

Case Age We (kg) Plasma total Plasma TSH  Wt(khg) Plasma total Plasma TSH T, replacement Interval 

No. 6) T , (nmol/l) (mU) T , (nmol/l) (mU/l) dose (mg/d) between 
Ist and 2nd 
study (mth) 

1 46 55-0 <20 >85-0 50-9 88 3.9 0-15 5 

2 57 65-0 35 51-7 61-5 116 3-9 0-15 8 

3 59 125-0 <20 >85-0 105-0 120 3.6 0-15 8 

4 37 81.0 28 63-5 80-0 78 3-8 0-10 5 

5 59 69-6 26 740 64-7 90 3.0 0-15 4 

6 50 67-4 <20 64-0 64-8 79 2-3 0-10 6 

7 69 74-5 24 2810 75.8 83 2-6 0-15 4 

8 44 49-6 «20 36.3 48-6 114 1-7 0-16 5 





previously. One patient (case 2) gave a history of mild 
chest pain on exertion compatible with angina pec- 
toris but specific cardiac symptoms were absent in the 
remainder. All gave informed consent to the investig- 
ations that were approved by our local ethical commit- 
tee. All patients were clinically free from heart failure 
at the time of study. Cardiomegaly (cardiothoracic 
ratio 55%) was noted on routine chest radiograph in 
case 7. Seven of the eight patients showed non-specific 
ST/T wave changes on the resting electrocardiogram. 

Each patient was restudied between four and eight 
months after thyroxine replacement treatment when 
clinically and biochemically euthyroid. Details of 
thyroxine treatment and thyroid function tests when 
euthyroid are shown in Table 1. Patients had been 
biochemically euthyroid for at least four weeks before 
restudy. Case 2 showed an increase in the frequency 
of exertional chest pain in the first six weeks after 
starting thyroxine and for this reason thyroxine 
replacement was increased gradually over six months 
and combined with propanolol and long acting 
nitrates. Both of these drugs were discontinued in this 
patient four weeks before repeat study without change 
in symptomatology. 

Isotope ventriculograms were petformed in the 
supine position with cardiac imaging in the 30° left 
anterior oblique projection using a Nuclear Enter- 
prises Mk 5HR gamma camera. After an intravenous 
bolus injection of 15 mCi 9°™ technetium electrolyti- 
cally labelled human serum albumin,!? precordial 
counts were transferred and stored in 20 ms frame 
format in a PDP 11/34 computer (Digital Equipment 
Corporation). The accumulation was triggered by the 
R wave of the patient’s electrocardiogram, recorded 
from chest lead V5, each frame being updated by suc- 
cessive cardiac cycles until 300 to 500 beats had been 
accumulated. At the end of the accumulation period, 
the frames were displayed in rapid sequence or movie 
format on a screen. The ventricular outline was 
selected from the display using a joy-stick and data 


from within this outline displayed to produce the 
uncorrected ventricular volume curve. The ventricu- 
lar region displayed could be checked and where 
necessary altered by displaying the volume curves 
from individual pixels. Background subtraction was 
made from a crescentic shell of the lateral and inferior 
ventricular border corrected to provide an area equal 
to the left ventricle and the left ventricular ejection 
fraction was calculated from this corrected time activ- 
ity curve.!3 A further index of ventricular function 
was calculated as the mean ejection time, (Ts) ex- 
pressed as a proportion of ventricular ejection time. 
Ts was defined by 

CV; — Vi«D (t + tid 

i 2 

(Vi i Visi) 


1 


where V, is the relative volume at time t; during sys- 
tole. Ts was therefore derived from the sum of the 
products of successive volume changes and the aver- 
age time between these frames. Left ventricular ejec- 
tion time (LVET) was taken to be the time during 
which 98% of the total volume change in systole took 
place. The Ts: LVET ratio thus measures the shape 
of the volume curve in systole!*; if a greater propor- 
tion of the volume empties in early systole then the 
ratio will be reduced. Regional myocardial fibre shor- 
tening is maximal during early systole and the ratio 
will thus correlate inversely with the intrinsic contrac- 
tile state of the heart. 

Patients rested for 15 minutes before the start of 
each study. Ventricular volume curves were con- 
structed over 500 beats at rest and over 300 to 500 
beats during supine exercise on a bicycle ergometer. 
The work rate was adjusted for each patient between 
300 and 600 kpm/min and exercise continued for a 
further two to three minutes before initiating data 
accumulation. After a further 30 minute rest period, 
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propranolol 0-15 mg/kg (ICI Pharmaceuticals, UK) 
was given over five minutes by intravenous injection 
and the procedure repeated after 15 minutes. Systolic 
blood pressure was measured by the same observer 
using a mercury sphygmomanometer at rest and on 
exercise before and after propranolol. The same pro- 
cedure at the same work loads was used for each 
patient at restudy when euthyroid. 

Thyroid function tests were undertaken before each 
study. Plasma total T, was measured by specific 
radioimmunoassay.!5 The interassay precision level 
using anonymous control sera averaged 11-7% for T,,, 
expressed as the coefficient of variation. The normal 
range for plasma total T, in our laboratory is 60 to 150 
nmol/l. Plasma thyroid stimulating hormone was also 
measured by radioimmunoassay!? in which the bet- 
ween assay coefficient of variation was 11.296. The 
normal range for plasma thyroid stimulating hormone 
is less than 0-7 to 5-7 mU/L. 

Statistical analysis used the Wilcoxon ranked sum 
and signed rank two-tailed test for pair differences. 
Correlations between left ventricular ejection fraction, 
heart rate, and plasma thyroxine used a linear regres- 
sion coefficient with least squares method of analysis. 
A 5% level of confidence was considered statistically 
significant. All data are quoted as mean+standard 
error of the mean (SEM). 


Results 


The resting left ventricular ejection fraction was 
significantly less when hypothyroid (0-46+0-02) com- 
pared with the same patients when euthyroid 
(0530-02; p<0-01) (Fig. 1). On exercise, left ven- 
tricular ejection fraction increased in the hypothyroid 
patients to 0-51+0-02 (p«0-05 compared with resting 
level). One patient (case 8) showed no change in ejec- 
tion fraction on exercise and case 2 showed a modest 
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Fig. 1 Left ventricular ejection fraction (LVEF) at rest and on 
exercise in the hypothyroid and euthyroid groups. The closed 
symbols are before and the open symbols after propranolol 0-15 
mg/kg intravenously. 
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fall from 0-53 to 0-49. All patients showed an increase 
in left ventricular ejection fraction on exercise when 
euthyroid (exercise ejection fraction 0-58+0-0]; 
p«0-01 compared with resting levels). The rise in left 
ventricular ejection fraction with exercise was not 
significantly different between the two groups. 

Resting left ventricular ejection fraction in the 
hypothyroid patients fell to 0-42+0-02 after intraven- 
ous propranolol and in the euthyroid patients fell to 
0-48+0-02 with beta adrenoceptor blockade (Fig. 1). 
This represents a 9% fall in ejection fraction with 
propranolol when hypothyroid and when euthyroid 
(p<0-05). With exercise, propranolol caused a 10% 
fall in left ventricular ejection fraction in the 
hypothyroid patients and a 15% fall in the euthyroid 
patients (p« 0-01 compared with resting levels before 
propranolol). Thus, propranolol attenuated the rise in 
left ventricular ejection fraction with exercise rather 
more in the euthyroid than in the hypothyroid 
groups. 

The increase in left ventricular ejection fraction 
with exercise and the decrease with propranolol are 
summarised in Fig. 2a and 2b. There was a trend for 
propranolol to cause a greater attenuation of the 
exercise-induced rise in left ventricular ejection frac- 
tion and a greater absolute fall in left ventricular ejec- 
tion fraction on exercise in the euthyroid compared 
with hypothyroid groups, but no statistically 
significant differences were identified. 

Changes in Ts: LVET ratio were in close agreement 
with changes in left ventricular ejection fraction (Fig. 
3). When hypothyroid, the ratio reduced from 
0:560+0-016 at rest to 0:519+0-022 on exercise 
(p<0-01) in keeping with an increase in left ventricu- 
lar ejection fraction. After propranolol, the resting 
Ts:LVET ratio increased to 0-587 0-016 (p=0-10) in 
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Fig. 2 Changes in left ventricular ejection fraction (LVEF) 
with exercise and beta adrenoceptor blockade. The nse in LVEF 
with exercise before and after propranolol is shown in Fig. 2a 
and the fall in LVEF with propranolol at rest and on exercise is 
shown in Fig. 2b. s 
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Table2 Heart rate and blood pressure responses to exercise and beta adrenoceptor blockade in patients when hypothyroid and when 


euthyroid on thyroxine replacement treatment 








Hypothyroid Euthyroid 
Mean heart Systolic blood Mean heart Systolic blood 
rate (beats/min) pressure (mmHg) rate (beats/min) pressure (mmHg) 
Rest 67+4 135+6 7942 128+6 
Exercise 97+5 167+6 106+4 167+8 
Rest (propranolol) 59-4 131-6 71-4 123-5 
Exercise (propranolol) 826 15178 903-3 151-5 
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Fig. 3 Ts:LVET ratio (see methods) in hypothyroid and 
euthyroid groups. A fall in the ratio indicates an increase in 
myocardial contractile performance. 


the hypothyroid group and the fall on exercise was 
somewhat reduced (0:548+0-021). In the euthyroid 
state the ratios were significantly less than when 
hypothyroid both at rest and on exercise (p<0-05), 
but a similar reduction was seen on exercise before 
propranolol (from 0-527+0-018 to 0-471+0-020; 
p<0-025) with an attenuated fall after propranolol 
(from 0-542+0-016 to 0-517+0-021; p<0-05). 

Changes in systolic blood pressure and mean heart 
rate are detailed in Table 2. No significant differences 
in resting or exercise systolic blood pressure were 
detectable in the two groups either before or after 
propranolol. Mean heart rate was reduced when 
hypothyroid at rest (67+4 beats/min against 79+2 
beats/min euthyroid; p<0-01), and on exercise (97+5 
beats/min against 106+4 beats/min euthyroid; 
p<0-05). Propranolol caused a 12% reduction in rest- 
ing heart rate when hypothyroid and a 10% reduction 
when euthyroid. The percentage reduction in exercise 
heart rate with propranolol was also similar, being 
10% when hypothyroid and 15% when euthyroid. 

There was no correlation between left ventricular 
ejection fraction or Ts:LVET ratio and thyroid hor- 
mone levels in either the hypothyroid or euthyroid 
state. When hypothyroid, resting heart rate was 
related to plasma total thyroxine, the correlation 
coefficient (r=0-59; p<0-05) being improved by beta 
adrenoceptor blockade (r=0-69; p<0-05). Heart rate 
at rest or on exercise was unrelated to plasma total 
thyroxine when euthyroid. 

No abnormalities in regional wall motion were 


detected in any patient at rest or on exercise before or 
after propranolol. 


Discussion 


Although the mode of action of thyroid hormones has 
not been fully elucidated, much evidence favours 
binding to nuclear chromatin as the principal site of 
action, with secondary modulation of protein synthe- 
tic pathways.!? It is therefore not surprising that alt- 
erations in many aspects of cellular function have 
been reported in thyroid hormone deficiency as well 
as thyroid hormone excess.!? A nuclear binding site 
does not, however, exclude effects on the plasma 
membrane or mitochondrial membrane in initiating 
thyroid hormone action. À reduction in beta 
adrenoceptor density in ventricular membranes from 
hypothyroid rats!! suggests that a change in the 
number of catecholamine receptor sites, leading to 
adrenergic hyposensitivity, might be an important 
effect of hypothyroidism. It is far from clear, how- 
ever, whether altered beta adrenoceptor density in 
vitro would cause a change in sympathetic sensitivity 
in vivo in view of the close relation between the pre- 
synaptic nerve terminal and postsynaptic myocardial 
cells in the regulation of inotropic and chronotropic 
responses to neurotransmitter release. 

This study has therefore investigated myocardial 
contractile function in hypothyroid and euthyroid 
patients at rest and on exercise before and after beta 
adrenoceptor blockade. By using the same patients as 
controls, the problems of inter-individual variability 
are avoided. The findings suggest that there are no 
significant differences in left ventricular contractile 
responses to Increased sympathetic tone (exercise) or 
to sympathetic blockade (propranolol) in the 
hypothyroid and euthyroid state. There is, however, 
an absolute reduction in myocardial contractile per- 
formance at rest and on exercise in hypothyroidism 
that is independent of beta adrenoceptor activation 
and is presumably a direct effect of thyroid hormone 
deficiency. The changes in contractile function at rest 
and on exercise when euthyroid are within the normal 
range of response in our laboratory. 

Heart rate itself may be a determinant of contractile 
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performance in man.!? The fall in left ventricular 
ejection fraction in hypothyroidism might thus be 
partly caused by the reduction in heart rate at rest and 
on exercise (Table 2). We have, however, shown that 
increase in heart rate after vagal blockade with 
atropine has no effect on left ventricular ejection frac- 
tion or Ts:LVET ratio.!^ Furthermore, Wainwright 
et al.?? showed that with incremental right ventricular 
pacing up to 125 beats/min, left ventricular ejection 
fraction progressively decreases. In the present study, 
exercise left ventricular ejection fraction when 
hypothyroid was still slightly less than resting left 
ventricular ejection fraction when euthyroid despite a 
substantially higher heart rate in the former group. It 
is likely therefore that there is a true reduction in 


myocardial contractile performance at rest and on 


exercise in hypothyroidism. 

Both clinica?! and necropsy?? studies have shown 
that coronary artery disease occurs more frequently in 
hypothyroid patients than in controls matched for 
age, sex, blood pressure, and associated extrathyroid 
disorders. This agrees with experimental data to show 
that thyroid hormone deficiency potentiates the 
development of atherosclerosis in cholesterol-fed 
animals and that thyroid hormone administration can 
inhibit atherogenesis.23 The incidence of coronary 
disease in our series is unknown but it is of interest 
that the patient in whom a clinical diagnosis of angina 
pectoris was made was the only patient to show a 
small fall in left ventricular ejection fraction on exer- 
cise in the hypothyroid state. A fall in left ventricular 
contractile performance on exercise is readily demon- 
strable in patients with coronary disease?^ and this is 
the probable explanation in this patient. Intriguingly, 
left ventricular ejection fraction increased normally in 
this patient when euthyroid. Histological study of the 
myocardium in cases of severe hypothyroidism shows 
non-specific changes of myofibrillar swelling, oedema, 
and interstitial fibrosis.?5 It is possible that irrevers- 
ible impairment of cardiac function may develop in 
such extreme cases, though all of our patients showed 
a return to normal function a maximum of eight 
months after starting oral thyroxine. 

Previous studies into the effect of propranolol on 
resting left ventricular ejection fraction in normal sub- 
jects have given conflicting results, with either no 
effect or a depressant effect on resting ventricular per- 
formance.?^ 26729 Differences are probably related to 
variability in drug dosage and route of administration, 
subject selection, and methods of assessment of con- 
tractile performance. On exercise ventricular perfor- 
mance is consistently depressed?? independent of its 
effect on heart rate.?9?! Our studies have shown that 
propranolol does not modify the pattern of change in 
contractile performance at rest or on exercise in the 
hypothyroid state. Attenuation of the exercise- 
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induced rise in contractility was similar to that when 
euthyroid. 

Although absorption of propranolol? and other 
drugs?? ?^ is impaired in hypothyroidism, propranolol 
metabolism?? and plasma protein binding?5 are not 
influenced by thyroid status. It is thus unlikely that 
there would be major differences in plasma prop- 
ranolol concentrations after intravenous administra- 
tion when hypothyroid or euthyroid. A reduction in 
peak exercise tachycardia of 16% when hypothyroid 
and 15% when euthyroid suggests similar functional 
beta adrenoceptor antagonism in both groups. The 
dose of propranolol used (0-15 mg/kg) has been shown 
to cause a 20 to 30 fold increase in the isoprenaline 
dose required to increase heart rate by 25 beats/min 
and to give plasma propranolol concentrations in the 
range 50 to 100 ng/ml,°° suggesting satisfactory beta 
adrenoceptor blockade over the study periods. 

Propranolol administration causes a fall in levels of 
circulating tri-iodothyronine, physiologically the most 
important thyroid hormone, and a rise in levels of the 
metabolically inactive isomer “reverse” tri- 
iodothyronine.?? The drug probably acts similarly to 
non-thyroidal illness, either by alternative peripheral 
monodeiodination of thyroxine?! or by reduction in 
activity of the deiodinase enzyme activity responsible 
for tri-iodothyronine production.?? Though this may 
have important consequences in hyperthyroidism,*° it 
is unlikely to contribute to the acute effects of prop- 
ranolol in hypothyroidism. 

Left ventricular function is reversibly depressed by 
thyroid hormone deficiency but responses to exercise 
before and during beta adrenoceptor blockade are 
normal. We have not shown any evidence of altered 
adrenergic sensitivity in the control of myocardial 
contractile function in hypothyroidism. This suggests 
that myocardial depression in thyroid failure is inde- 
pendent of the cardiac neurosympathetic axis. 
Changes in adrenoceptor density in this condition, if 
they occur in man, appear not to be associated with a 
change in functional response of the heart to altered 
sympathetic tone. 
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A trial of prophylactic mexiletine in home coronary care 


J ABELL, J M THOMAS, J R ISAACSON, N J C SNELL,* D W HOLT 
From Battle Hospital, Reading; and Poisons Unit, Guy's Hospital, London 


SUMMARY A double blind randomised study was undertaken comparing the effects of oral mex- 
iletine and placebo given by general practitioners at home in the early stages of suspected acute 
myocardial infarction, and continued for six weeks. The study comprised 216 patients. In 59 the 
diagnosis of acute myocardial infarction was not confirmed. Of the 72 patients with confirmed 
myocardial infarction treated with mexiletine, 11 (15-396) died, compared with 19 (22-496) of the 85 
patients given the placebo, and significantly fewer of the former compared with the latter had 
frequent ventricular ectopics or ventricular tachycardia recorded on 24 hour electrocardiograms. 
Numbers of patients transferred to hospital or withdrawn from the trial because of arrhythmia or 
heart failure were similar in the two treated groups. Ten (13-996) of the patients taking mexiletine 
had the drug withdrawn because of side effects attributed to it, compared with three (3-596) of the 
group taking the placebo. A further five patients (all on mexiletine) also had treatment withdrawn 
because of side effects but infarction was not later confirmed. The results indicate that oral mex- 
iletine can be given safely to patients with suspected myocardial infarction at home by their general 
practitioners in the absence of a positive electrocardiographic diagnosis. The frequency of ventricu- 


lar tachycardia is significantly reduced; but there is no evidence of reduced mortality. 


Precise figures are not available for the proportion of 
patients with acute myocardial infarction cared for at 
home in the UK. There is no reason to believe that the 
proportion of one-third found in the Teesside survey 
in 1976! is unusual. Sudden unexpected death from 
ventricular fibrillation occurs in patients looked after 
at home just as it does in hospital. 

Apart from one study? using intramuscular lig- 
nocaine prophylactically for prehospital coronary 
care, there have been no studies on prophylactic anti- 
arrhythmic therapy at home. General practitioners are 
reluctant to use drugs usually reserved for the control- 
led conditions of a coronary care unit. Lignocaine can 
be used but its parenteral route of administration 
poses insuperable problems in patients for whom con- 
tinued home care is proposed. 

We have investigated the feasibility of preventing 
ventricular fibrillation at home. This study was 
designed to determine the practicability of general 
practitioners giving a prophylactic antiarrhythmic 
agent to patients with suspected acute myocardial 
infarction and to determine the effects on cardiac 
arrhythmias and mortality. Mexiletine was chosen as 
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being a class I antiarrhythmic agent rapidly absorbed 
orally with few side effects which has been shown to 
reduce the prevalence of ventricular arrhythmias after 
acute myocardial infarction.? * 


Method 


The West Berkshire Health District centred on Read- 
ing has a mixed urban and rural population of 450 000 
patients served by 202 general practitioners. One 
hundred and seventy-four of these general practition- 
ers agreed to participate in the trial and they were 
specifically asked not to change their usual criteria for 
deciding what to do with patients with suspected 
acute myocardial infarction. If they decided to look 
after a patient at home they were invited to enter the 
patient into the trial and to use the diagnostic facilities 
offered. Management of the patients remained in the 
general practitioners’ control unless a problem arose 
while the research registrar was with the patient. Con- 
sent for the trial was obtained from the local ethical 
committee. 

Patients seen more than 36 hours after the onset of 
symptoms and those unlikely to comply with treat- 
ment were excluded, as were those who were aged 
over 75, or were shocked, or comatose, or who had a 
heart rate of less than 50 beats per minute. 
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Supplies of identical active and placebo capsules in 
computer randomised blocks of two were distributed 
to all general practitioners at the onset of the trial and 
subsequently as the usage dictated, with the recom- 
mendation they they carry them with them when on 
duty. Prior informed consent was obtained verbally 
from the patients. After recording the basic details of 
pulse rate, blood pressure, analgesia given, and start- 
ing the patient double blind on a six week course of 
mexiletine (400 mg at once and then 200 mg eight 
hourly) or placebo, the general practitioner registered 
the patient by telephone with the Coronary Care Unit 
at Battle Hospital, Reading. 

Each day a full time research registrar (JMT) or one 
of her deputies (NJCS, JRD visited any patients regis- 
tered over the previous 24 hours. The history was 
confirmed, details of analgesia and other cardiac drugs 
documented, the patient examined, a 12 lead elec- 
trocardiogram recorded, and blood taken for the 
measurement of both cardiac enzymes and mexiletine 
concentrations. In those patients in whom it was prac- 
ticable, an Oxford Instruments Medilog 424 elec- 
trocardiograph recorder was connected. Relevent 
results were telephoned to the general practitioner at 
this stage and subsequently. A further visit was made 
the next day to repeat the observations and remove 
the recorder. An appointment was made for a final 
visit at six weeks when the patient was questioned 
about side effects, blood was taken for a final mex- 
iletine concentration, and the number of capsules 
remaining was counted. 

The collated results from the first two visits were 
assessed blind by one person (JMT), and on the basis 
of the clinical findings, the electrocardiogram, and the 
cardiac enzymes all patients were assigned into one of 
four categories. 


(1) Definite myocardial infarction: Good clinical history 
plus: electrocardiographic changes (including left 
bundle-branch block or subendocardial infarction), 
plus a pronounced rise in enzymes (= 50% above the 
upper limit of normal). 


(2) Probable myocardial infarction: Good clinical his- 
tory plus: an electrocardiogram showing new Q waves 
or typical subendocardial changes and/or a rise in 
enzymes above the upper limit of normal. 


(3) Ischaemic heart disease: A good previous history of 
ischaemic heart disease but no evidence for fresh 
myocardial infarction. 


(4) Other 

For the purposes of this study, patients in categories 1 
and 2 were considered as having suffered an acute 
myocardial infarction and this was assumed in those 
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dying at home after taking the trial tablets but before 
the visit of the trial doctor. Patients in categories 3 
and 4 were withdrawn from treatment as were those 
transferred to hospital, those with arrhythmias requir- 
ing treatment, and those with shock, coma, severe 
intercurrent illness, unacceptable side effects, or who 
were otherwise unable to take drugs orally. All such 
patients withdrawn from treatment were questioned 
at six weeks about side effects and were included in 
the analysis of results. Details concerning the patients 
who died during the six week study period were 
obtained from the general practitioner or occasionally 
the relatives. Deaths were classified as being either 
sudden or occurring in the context of a gradual 
deterioration. 

Serum cardiac enzyme concentrations were esti- 
mated in the Department of Clinical Chemistry, 
Royal Berkshire Hospital, with upper limits of normal 
of 40 U (AST) and 250 U (LDH). Plasma mexiletine 
concentrations were measured using a specific gas- 
liquid chromatographic technique. Twenty-four 
hour tape recordings were analysed on a Reynolds 
High Speed ECG Analyser by a trained observer who 
did not know which patients had been treated. Tapes 
with less than eight hours’ analysable electrocardiog- 
ram were rejected. Ventricular arrhythmias were 
classified as ventricular extrasystoles (aberrant beats 
not preceded by P waves), frequent ventricular 
extrasystoles (>30 per hour, R on T (RRV 
QT<0-85), multifocal (two or more morphologies in 
any hour), couplets (two consecutive ventricular beats 
separated by not more than 400 ms), ventricular 
tachycardia (three or more consecutive ventricular 
beats at a heart rate more than 150 beats a minute), 
prolonged ventricular tachycardia (more than 10 beats 
a salvo), and frequent ventricular tachycardia (more 
than three runs in any tape). A pause was defined as a 
gap of 1500 ms separating two consecutive beats. 

Significance testing for the differences in mortality, 
additional treatment received, incidence of arrhyth- 
mias, and side effects in the two groups was done 
using the x? test, with Yates’ correction. The 
Mann-Whitney U test was used for testing the 
significance of the differences in numbers of extrasys- 
toles and enzyme levels between the two groups. Sim- 
ple linear regression was used to test the correlation of 
blood levels with age. 


Results 


Over a 22 month period (November 1978 to August 
1980), 222 patients were referred and 216 complied 
with the entry criteria (five had histories longer than 
36 hours and one was aged over 75). Seventy-two of 
103 patients allocated to mexiletine and 85 of 113 
patients allocated to placebo had confirmed myocar- 
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Table 1 Classification of entrants 
Placebo Mexiletine Total 
No. 96 No. 96 
Entrants 113 100 103 100 216 
Definite myocardial 
infarction 66 58 §2 50 118 
Probable myocardial 
infarction 19 17 20 19 39 
Ischaemic heart disease 14 12 12 12 26 
Other 14 12 19 18 33 





dial infarction. 

Table 1 shows the classification of the trial entrants 
according to our four diagnostic categories. Table 2 
shows the baseline clinical details of the patients with 
myocardial infarction according to treatment group. 
Table 3 shows the electrocardiographic details and 
median peak cardiac enzymes in the two treatment 
groups. There were no significant differences between 
the two treatment groups for any of these criteria, 
and, other than oral analgesics which were given more 
frequently (p« 0-05) within three hours of the loading 
dose to patients taking mexiletine, there were no dif- 
ferences in concurrent drug administration. Apart 
from beta blockers being taken by 12 out of 113 
(10-696) having placebo and 10 out of 103 (9-796) hav- 
ing mexiletine, no patients were receiving any other 
antiarrhythmic drug. Table 4 shows the outcome for 
all patients. 


MORTALITY 

The overall mortality rate was lower in the mexiletine 
group (12 out of 103, 11.796) than in the placebo 
group (20 out of 113, 17.796) (NS). Two patients with 
unconfirmed myocardial infarcuon died, one one day 
after withdrawal from a dissecting aneurysm, and one 
suddenly 14 days after treatment was withdrawn. For 
pauents with confirmed myocardial infarction, the 
mortality during the six week trial period was again 
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lower in the mexiletine group (11 out of 72, 15-396) 
compared with the placebo group (19 out of 85, 
22-4969) (NS). Thus 30 deaths occurred in the 
confirmed infarct group. Of these, 13 patients were 
withdrawn before death and in only two of this group 
had mexiletine been taken within 24 hours of death. 

Eleven patients (seven placebo, four mexiletine) 
with assumed myocardial infarction died suddenly 
after entry but before being seen by the project doc- 
tor. In one of these an electrocardiogram taken by the 
general practitioner showed early changes of infarc- 
tion, but the remaining 10 patients had no electrocar- 
diographic or enzyme evidence collected before sud- 
den death after a story of typical chest pain. 

No patients died between the project doctor's two 
visits while on the 24 hour electrocardiograph recor- 
der. Six patients died after the project doctor's second 
visit while still in the trial, three suddenly (two taking 
placebo, one taking mexiletine) and three after 
gradual deterioration with heart failure (one taking 
placebo, two taking mexiletine). Of the withdrawals, 
nine patients with confirmed infarction on placebo 
died during the six week period (four suddenly and 
five in heart failure), compared with four on mex- 
iletine (two suddenly and two in heart failure). Four- 
teen patients died suddenly while taking treatment 
(nine taking placebo and five taking mexiletine) (NS). 


WITHDRAWALS 

Forty-three (2796) patients with confirmed myocardial 
infarcuon were withdrawn for reasons given in Table 
5. Twenty-four of these (14 taking placebo, 10 taking 
mexiletine) were transferred to hospital, mostly 
because of continuing chest pain or heart failure (10 
taking placebo, eight taking mexiletine) and none sol- 
ely because of side effects. 


SIDE EFFECTS 
By the second day of the trial doctor's visit 37 of 216 


Table 2 Baseline details in patients with confirmed myocardial infarction 











Placebo Mexiletine Total 
Total 85 72 157 
(D Sex: 
Male 72 (85%) 57 (79%) 129 
Female 13 (1596) 15 (2196) 28 
Mean age + SD (y) 61-3 (8-5) 61-0 (9-4) 61-1 (89 
Relevant past medical history 
Nil 40 34 74 
Infarct 23 19 42 
Angina 21 21 42 
Diabetes 3 4 7 
Hypertension 18 H 29 
Heart failure 5 3 8 
(2) Median time between onset of symptoms and 
initial dose of trial drug (b) 5-17 6.14 5-85 
(3) Initial pulse rate (beats/min (mean? 77.9 79.6 
Initial systolic BP (mean) 146-5 143-6 
Initial diastolic BP (mean) 87-6 87-8 
— — — ——— — — — ————————— 
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Table 3 Classification of infarcts and enzyme results 








Placebo Mexiletine 
Total number of patients 85 72 
Median peak AST 128 161 
Median peak LDH 360 535 
Electrocardiographic Definite Probable Definite Probable 
pattern No. No. No. No. 
Antenor full thickness 16 3 12 1 


Anterior full thickness 
+ right bundle-branch 
block and/or left axis 


deviation (— 30°) 6 1 6 i 
Inferior full thickness 17 3 20 0 
True posterior 2 l l 0 
Left bundle-branch 

block 2 0 l 0 
Subendocardial infarct 16 6 9 16 
p^ — T" 

electrocardiographic 

change of 

infarction 0 5 Q 2 
Electrocardiogram 

not recorded before 


patient died at home 7 0 3 0 


Table 4 Outcome for all patients admitted to study 





Placebo Mexiletine 
No 96 No. 96 
Patients in study 113 100 103 100 
Infarction not confirmed so 
withdrawn from study* 28 24-8 3] 30:1 
Withdrawn for other reasons} 
(see Table 5) 20 17-7 23 22-3 
Died while taking trial drug 10 8.8 7 6.8 
Completed 42 days on — 55 487 42 40-8 





( Two aa died subsequently during the six week study period 
see text 

T Thirteen patients died after withdrawal but during the six week 
study period (see text). 


patients (15 taking placebo, 22 taking mexiletine) had 
developed possible side effects of treatment, nausea 
being the most common (six taking placebo, 11 taking 
mexiletine). In 18 patients (15 taking mexiletine, 
three taking placebo), unacceptable side effects alone 
caused withdrawal of treatment, and in five of these 
(all taking mexiletine) the diagnosis of myocardial 
infarction was not subsequently confirmed. Nineteen 
(45%) of the 42 patients taking mexiletine completing 
the trial volunteered side effects, mainly gastrointes- 
tinal upset and dizziness, compared with 12 of 55 
(22%) taking the placebo (p« 0-05). No patient started 
on mexiletine and subsequently withdrawn because 
the diagnosis was not confirmed had any symptoms 
six weeks later. 


24 HOUR ELECTROCARDIOGRAPHIC ANALYSES 

Fifty patients with confirmed myocardial infarction 
taking placebo and 38 patients with confirmed 
myocardial infarction taking mexiletine had readable 
tapes with median tape lengths of 23 and 22 hours, 
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Table 5 Reasons for withdrawal of patients with confirmed 
myocardial infarction 








Placebo Mextletine 
Heart failure 6* 6 
Side effects 3 10 
Chest pain 5 2 
Arrhythmias 4 2 
Other 2 3 





*Includes one patient not transferred to hospital. 


Table 6 24 hour electrocardiographic abnormalities 


haustu —— P ————— —————— ——— — 





Placebo | Mexiletine 
No. 96 No. % 
No. of electrocardiograms analysed 
(= 8 hours) 50 (100) 38 (100) 
No. with atrial ectopics 33 (660 21 (SS) 
No. with PRERE A tachycardia 12 Q4) 8 (21) 
No. with atrial fibrillation* 7 (14) 2 (5 
No. with pauses 1 (2 0 (0) 
No. with ventricular extrasystoles 47 (94) 36 (95) 
(a) Rien ventricular extrasystoles*** 20 (40) 4 (11) 
(b) Ron T 1 (2) 1 (3) 
(c) multifocal 38 (76) 28 (74) 
(d) couplets 26 (S2) 15 (39) 
(e) ventricular tachycardia** 12 Q4 2 (S 
(D Heint ventricular tachycardia 4 (8 1 (3) 
(g) pro onged ventricular tachycardia 2 (4 1 (3) 
(h) ventricular fibrillation 0 (0) 1 (3) 
*** p < 0-01 
** p « 0-05 
* p « 0-325 


respectively. The median delay between the onset of 
symptoms to the start of the tapes was 26 hours for the 
placebo group and 29 hours for the mexiletine group. 
The abnormalities found on the 24 hour electrocar- 
diogram are shown in Table 6. 

Patients with confirmed myocardial infarction tak- 
ing mexiletine had fewer ventricular extrasystoles 
than those taking placebo (median ectopic count per 
hour 2-63 versus 6-09, p« 0-05). Serious ventricular 
arrhythmias, including frequent ventricular extrasys- 
toles and ventricular tachycardia, were seen more fre- 
quently in patients in the placebo group. No differ- 
ences were seen between the two groups in the inci- 
dence of pauses or supraventricular arrhythmias 
including atrial fibrillation. The median number of 
ventricular extrasystoles per hour in the 12 of the 50 
patients taking placebo who had ventricular tachycar- 
dia was 14-34 compared with 3-02 in the other 38 who 
did not have this arthythmia (p<0-01). Similarly, in 
the former, frequent ventricular extrasystoles (nine 
out of 12 compared with 11 out of 38, p«0-05) and 
couplets (12 out of 12 compared with 14 out of 38, 
p<0-001) were seen more frequently. Of the 12 
patients on placebo who had ventricular tachycardia, 
seven completed the six week study, three died during 
the trial, and two were withdrawn because of heart 
failure, one to die subsequently. 


A trial of prophylactic mexiletine 1n home coronary care 


DRUG PLASMA LEVELS 

The mean mexiletine concentrations for patients with 
confirmed myocardial infarction on days 1, 2, and 42 
were 0-69 ug/ml, 1-00 ug/mil, and 0-82 g/ml, respec- 
tively. Two patients supposedly taking mexiletine had 
an undetectable level on day 42 (lower limit of sen- 
sitivity for the assay 0-01 ug/ml). No significant corre- 
lation was found in patients with confirmed myocar- 
dial infarction between age and blood levels on day 1, 
2, or 42. 

There was no significant difference in the median 
number of extrasystoles per hour for patents with 
mexiletine concentrations (mean of day 1 and day 2 
concentration) of at least 0-75 ug/ml compared with 
those with concentrations of less that this for patients 
with or without confirmed myocardial infarction. The 
mean drug levels on day 2 in those patients subse- 
quently withdrawn because of side effects was not 
significantly different from that in other patients on 
day 2. 


Discussion 


The prime function of coronary care remains the pre- 
vention and treatment of ventricular fibrillation. 
Lown's original prediction? that the detection and 
treatment of warning arrhythmias would reduce the 
frequency of ventricular fibrillation has not stood the 
test of time." An argument can be made for effective 
prophylactic antiarrhythmic therapy, since significant 
reduction in the mortality of acute myocardial infarc- 
tion wil only be achieved by early intervention. 
Prophylactic antiarrhythmic therapy given at home 
has the advantage that treatment is started at the ear- 
liest opportunity and a reduction in ventricular fibril- 
lation ought to be paralleled by a reduction in mortal- 
ity. 

A review of the published reports of prophylactic 
antiarrhythmic treatment after acute myocardial 
infarction suggests that treatment given early might 
reduce the frequency of ventricular fibrillation. Oral 
procainamide,’ mexiletine,?^ and intravenous lig- 
nocaine? have been variously shown to cause a reduc- 
tion in ventricular tachycardia?? and ventricular 
fibrillauon? in hospital. Intramuscular lignocaine? 
given out of hospital has been shown to reduce mortal- 
ity but the same dosage repeated in hospital caused no 
reduction in ventricular fibrillation.!? No clear con- 
clusion is apparent. Studies with negative results are 
commoner than studies with positive results and all 
the latter have been extensively criticised for either 
design, patient selection, or interpretation. A care- 
fully conducted trial recently published failed to show 
either significant reduction in serious arrhythmias or 
in six week mortality in patients treated with 
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prophylactic oxprenolol or disopyramide!! compared 
with placebo. 

The placebo mortality of 22-4% in the present study 
must be compared with a six week mortality of 2496 in 
the Nottingham trial'? where 50% of patients were 
seen within three hours of the onset of symptoms. In 
the Tees-side survey! the mortality in patients seen 
after three hours was 1596 so our mortality falls bet- 
ween these two figures. 

We have not shown a significant reduction in mor- 
tality in patients taking mexiletine; but the reduction 
in arrhythmias and the fewer sudden deaths in such 
patients are consistent with a therapeutic benefit. 
Furthermore, an analysis of the deaths, the 24 hour 
electrocardiographic recordings, and the reasons for 
withdrawal do not support the possibility that the 
patients were harmed by being given mexiletine. The 
reduction in frequency of ventricular ectopics and 
ventricular tachycardia in our study is in keeping with 
the known effects of mexiletine given after acute 
myocardial infarction. ^ The effect of intravenous 
mexiletine on left ventricular function in normal man 
is slight!? !^ and in our patients the oral dosage used 
did not precipitate heart failure. The proportion of 
patients in the treatment group dying from heart fail- 
ure was no more than in the placebo group, and the 
same was true for withdrawals from treatment 
because of heart failure. Similarly, our results make it 
unlikely that patients with atrioventricular or 
intraventricular conduction defects were harmed by 
mexiletine and this finding would support the data of 
McComish et al.'5 who reported shortening of the 
effective refractory period of the atrioventricular node 
and no effect on atrioventricular and His-Purkinje 
conduction time. 

Published data suggest a minimum effective plasma 
concentration for mexiletine of 0-5 ug/ml'* while a 
range of 0-75 to 2-0 ug/ml is associated with a low 
incidence of side effects." The mean plasma drug 
concentrations in our patients were satisfactory on 
days 1 and 2 and at completion. The lowest concentra- 
tions were recorded on day 1 and it is probable that in 
the first few hours some of our patents had sub- 
therapeutic plasma concentrations of mexiletine. The 
fixed dose and loading regimen used ensured that in 
sick and elderly patients toxic levels were rarely found 
and our figures indicate that a larger loading dose 
could be given safely to patients at home not under 
observation. 

The study demonstrates the problems of home 
coronary care. Our 216 pauents were seen at a median 
time of five hours after the onset of symptoms. 
Undoubtedly, general practitioners referred patients 
seen earlier to hospital rather than enter them into the 
trial. The overall diagnostic accuracy of the general 
practitioners was high and 7396 of patients referred 
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had myocardial infarction. Overall, 1596 of patients 
with confirmed acute myocardial infarction for whom 
home care was intended had to be transferred to hos- 
pital. 

The present study makes no attempt to compare 
the role of home versus hospital in coronary care. In 
rural communities and in cases where patients are 
seen initially a few hours after the onset of their symp- 
toms, many general practitioners will elect to look 
after the patient at home. Though it may be prema- 
ture to use prophylactic antiarrhythmic drugs in 
routine domiciliary practice, we cannot agree with 
Sloman's statement quoted recently in a leading arti- 
cle!$ “it is inappropriate to use such drugs as dis- 
opyramide or mexiletine in an environment outside a 
Coronary Care Unit where drugs are being used which 
can interfere with conduction, and which may pro- 
duce serious side effects". The mainly negative 
findings of previous studies in prophylactic antiar- 
rhythmic therapy may not apply to home care, and 
now that we have shown it to be both practicable and 
safe further evidence should be sought with regard to 
the benefit from earlier prophylactic administration of 
mexiletine or a similar drug by general practitioners at 
home. 
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Rupture of a papillary muscle of the tricuspid valve 


Echocardtographic diagnosis 


R M DONALDSON, M BALLESTER, A F RICKARDS 


From the National Heart Hospital, London 


SUMMARY Abnormal tricuspid valve structure and motion resulting from the rupture of a right 
ventricular papillary muscle were visualised by two dimensional echocardiography. These findings 
were confirmed at operation. Two dimensional echocardiography appears to be a satisfactory 
method for evaluating patients with tricuspid regurgitation of sudden onset with a view to surgery. 


Rupture of the right ventricular papillary muscle is 
relatively rare, Because the haemodynamic conse- 
quences of the resulting severe tricuspid regurgitation 
can often be tolerated for fairly extended periods there 
should be ample time for diagnosis and surgical repair 
of this abnormality. Cardiac catheterisation and 
angiography provide important information, but 
details of the valve are usually obscured by the simul- 
taneous dense opacification of atrium and ventricle. 
We describe the visualisation of this abnormality by 
two dimensional echocardiography. 


Case report 


A 25-year-old man was admitted for postoperative 
cardiac assessment. He had undergone heart surgery 
seven years previously for correction of Fallot’s tetral- 
ogy. The tricuspid valve, which was regurgitant after 
damage by infective endocarditis, was also surgically 
repaired and he remained well until six months before 
this admission, when he noted progressive abdominal 
discomfort, palpitation, and pulsating neck veins. He 
had signs of congestive cardiac failure and severe 
tricuspid regurgitation and was in intermittent atrial 
flutter. 

Significant physical findings on admission included 
a conspicuously high venous pressure with a promi- 
nent systolic wave, liver distension, ankle swelling, 
and evidence of ascites. The blood pressure was 110/ 
60 mmHg and he was in sinus rhythm. There was 
cardiomegaly with a hyperdynamic apical impulse in 
the fifth intercostal space internal to the anterior axil- 
lary line. There was moderate left parasternal heave, 


and a systolic thrill was palpable over the lower left 
sternal border. Cardiac auscultation disclosed evi- 
dence of residual right ventricular outflow tract ob- 
struction and mild pulmonary regurgitation. In addi- — 
tion, there was a loud harsh pansystolic murmur best 
heard at the lower left sternal border radiating to the 
ventricular apex accentuating with inspiration, and an 
easily audible protodiastolic gallop. 

The electrocardiogram documented sinus rhythm, 
first degree heart block, and right bundle-branch 
block, conduction abnormalities which had been pre- 
sent since surgery. There was pronounced cardiomeg- 
aly and small bilateral pleural effusions on the chest 
radiograph. Routine haematology and biochemistry 
studies were normal with the exception of the liver 
function tests. Blood cultures were negative. 

The M-mode echocardiogram demonstrated nor- 
mal left ventricular function and normal aortic and 
mitral valve movement and continuity. There was 
paradoxical septal motion and a very dilated right ven- 
tricle consistent with right ventricular volume over- 
load. In addition, there were diastolic vibrations in 
the anterior leaflet of the tricuspid valve. 

The two dimensional echocardiographic study 
using a HP77020A phased array imaging system 
showed similar findings, and in addition it showed 
frank flailing of the anterior tricuspid valve leaflet, 
prolapsing into an aneurysmally dilated right atrium 
during systole (Fig. 1 and 2). The inferior vena cava 
was very dilated and pulsatile; the pulmonary valve 
was inadequately visualised. 

At cardiac catheterisation the pulmonary artery 
pressure was 30/8 mmHg and right ventricular pres- 
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sure was 75/16 mmHg. The right atrial pressure was 


20 mmHg with a “v” wave of 25 mmHg. There was 
no evidence of mitral regurgitation or a residual ven- 
tricular septal defect on left ventricular angiography. 
Right ventriculography showed considerable en- 
largement of the right ventricle, valvar and infun- 
dibular narrowing, and severe tricuspid regurgitation 
into the large right atrium. Pulmonary angiography 
was normal. 


SURGERY 

The right atrium was opened using a longitudinal 
incision. There was massive hypertrophy of the right 
ventricle with a small pulmonary artery and an 
aneurysmal right atrium. The tricuspid valve was 
severely regurgitant because of complete detachment 
of the head of the papillary muscle attaching the 
antenor cusp which was prolapsing into the right 
atium. There was no evidence of recent infective 
endocardius. The tricuspid valve was replaced by a 
porcine prosthetic valve and the valvar and infundibu- 
lar obstruction relieved. The postoperative course was 
uncomplicated. 


Discussion 


Rupture of the nght ventricular papillary muscle is 
rare, and occurs as a complication of right sided infec- 
tive endocarditis? after myocardial infarction,’ pen- 
etrating and non-penetrating chest trauma,* external 
cardiac massage,' and in association with primary 
pulmonary hypertension.* The increased wall tension 
of the dilated right ventricle resulting from residual 
outflow tract obstruction and an abnormal tricuspid 
valve probably contributed to spontaneous papillary 
muscle rupture in this patient. Though catheterisa- 
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Fig. | Two dimensional 
echocardiogram: apical 
four chamber view. (A 
Diastolic frame: the 
anterior (a) cuspid 
leaflet (large arrow) has a 
thickened np (small 
arrows) and overshoots the 
septal (s) leaflet. (B 
Systolic frame: the 
anterior leaflet (a) (largi 
arrow) has a flailing 
systolic motion and hes 
within the right atrium 
(RA) with a loss of systolic 
leaflet coaptation. LA, left 
atnum; m, mitral valve; 
RV, nght ventricle; LV, 
left ventricle 


ton and cineangiography permit the assessment of the 
haemodynamic state and the severity of tricuspid re- 
gurgitation, the exact underlying anatomical changes 
cannot usually be fully determined. Standard 
M-mode echocardiography and two dimensional 
echocardiography have been of value in the non- 
invasive detection of many disorders of the tricuspid 
valve.^ The M-mode study permitted documentation 
of the right ventricular volume overload and graphi- 
cally displayed the diastolic oscillations of the tricus 
pid valve. The latter, though non-specific,® suggests 
disrupuon of leaflet integrity. The echoes recorded by 
this method, however, are usually limited to the 
anterior tricuspid leaflet in systole and the rapid open 
ing motions in early diastole. Specific spatial anatomi 
cal information was provided by the wide sector arc of 
two dimensional echocardiography which visualised 
all three tricuspid leaflets (Fig. 1 and 2). This techni 
que permitted visualisation of non-specific features of 
tricuspid regurgitation such as excessive systolic pul- 
sation of the inferior vena cava and abnormal motion 
of the interatrial septum. More importantly, it charac 
terised the exact nature of the disordered valve 
anatomy with a normal posterior leaflet, restricted 
motion of the septal leaflet (caused by previous 
surgery), and the flail nature of the anterior leaflet. 

Right ventricular papillary muscle rupture has been 
documented by two dimensional echocardiography 
only once before in a patient with active endocarditis.’ 
A mobile mass of echoes attached to the tip of the 
chordae and the presence of tricuspid valve prolapse 
are very suggestive of ruptured right ventricular papil- 
lary muscle. 

It may not always be possible to determine whether 
rupture is at muscle or at chordal level; the clinical 
and surgical implications of ruptured chordae, how- 
ever, are similar. 
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A complete profile of the disordered valve structure 
can be obtained by two dimensional echocardiography 
and this appears to be a satisfactory non-invasive 
method for evaluating certain patients with tricuspid 
regurgitation of sudden onset with a view to surgical 
intervention. 
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Valve replacement for severe tricuspid regurgitation 
caused by Libman-Sacks endocarditis 


JOSEPH LAUFER, MIRA FRAND, SIMCHA MILO* 


From the Department of Paediatrics “C” , and the Department of Thoracic and Cardiovascular Surgery, Chaim Sheba 
Medical Centre, and The Sackler School of Medicine, Tel Hashomer, Israel 


SUMMARY A rare case is reported of severe tricuspid regurgitation caused by Libman-Sacks 
endocarditis in a 9-year-old girl. The uncontrolled heart failure was successfully treated by tricuspid 


valve replacement. 


Systemic lupus erythematosus is known to affect the 
heart in various ways. Though valvular involvement is 
common at necropsy (15 to 6096), haemodynamically 
significant valvular disease is. extremely unusual. 
When reported, valvular lesions usually involve the 
left side of the heart, causing mitral and aortic regur- 
gitation.!~5 To the best of our knowledge the occur- 
rence of severe tricuspid regurgitation in the course of 
systemic lupus erythematosus has not been reported. 
We describe such a patient who presented with severe 
congestive heart failure and who was successfully 
treated by tricuspid valve replacement. 


Case report 


A 9-year-old girl was admitted in February 1980 for 
investigation. At the age of 6 years she had begun to 
have febrile episodes associated with alopecia and 
polyarthritis. A diagnosis of rheumatic fever had been 
made and she had been treated with penicilin and 
corticosteroids for two years. 

On examination she was a chronically ill and 
underdeveloped child. Multiple deformities of almost 
all joints were noted. There was no evidence of con- 
gestive heart. failure. On palpation the heart was 
enlarged with a right ventricular heave. A blowing 
grade 3/6 pansystolic murmur which become louder 
during inspiration was heard along the left sternal 
border. The second sound was normally split and a 
short mid-diastolic murmur was present. The elec- 
trocardiogram showed sinus rhythm, incomplete right 
bundle-branch block, and right ventricular hypertro- 
phy. The chest x-ray film showed a moderately 
enlarged cardiac silhouette, with right atrial and right 
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ventricular enlargement. Echocardiography indicated 
right ventricular enlargement and paradoxical septal 
motion consistent with volume overload of the right 
ventricle. The tricuspid valve appeared somewhat 
thickened but no vegetations were seen. At cardiac 
catheterisation the following pressures were found: 
right atrium, 7 mmHg with tall V waves; right ven- 
tricle, 30/0-7 mmHg; pulmonary artery, 22/10 
mmHg; pulmonary wedge pressure, 10 mmHg. A 
right ventricular angiocardiogram showed massive 
tricuspid regurgitation, but no filling defects were 
seen in the right ventricular cavity. Laboratory inves- 
tigations confirmed the presence of lupus 
erythematosus cells and a positive antinuclear anti- 
body. Erythrocyte sedimentation rate was normal. 

The diagnosis of systemic lupus erythematosus 
with cardiac involvement was established. The patient 
was treated with naproxen 500 mg daily and 
responded well for the next two months. 

In December 1980 she was readmitted, with sud- 
den onset of severe congestive heart failure. She was 
apyrexial and the laboratory findings did not suggest 
reactivation of lupus erythematosus. Despite aggres- 
sive anticongestive therapy her condition rapidly 
deteriorated. Tricuspid valve replacement was 
advised and performed. 

At operation, the pericardium was found to be very 
thick, oedematous, of moderately firm consistency, 
and adherent to the epicardium. The myocardium 
was grey and oedematous. The right ventricle con- 
tracted poorly. The right atrium was enlarged and its 
walls were thick with highly developed trabeculation. 
The tricuspid valve was smooth and without vegeta- 
tions. Its annulus was dilated and its chordae elon- 
gated, allowing the valve to prolapse and blood to 
regurgitate during systole into the right atrium. The 
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subvalvular apparatus was normal. A size 27 mitral 
Bjórk-Shiley prosthesis was implanted. 

Microscopical examination of the valve (Fig.) 
showed slight fibrosis with distinct increase in the 
mucopolysaccharide content of the matrix. 

The postoperative course was uneventful and the 
patient was discharged four weeks after the operation 
without evidence of congestive heart failure. 


Discussion 


Systemic lupus erythematosus is a multisystem dis- 
ease known to affect the heart in various ways. 
Pericarditis,5 myocarditis,’ endocarditis,"^!? coro- 
nary arteritis,?!! !? and lesions of the conducting 
tissue!3 have been reported. 

Libman-Sacks type endocarditis occurs in 
approximately half the patients with systemic lupus 
erythematosus.!? It may occur without murmurs and 
as it is rarely associated with clinically severe valvular 
dysfunction the disease usually remains unrecognised 
during life. The clinical picture of our patient was 
unusual in that she was known to have had a precor- 
dial murmur for three years and she developed severe 
congestive heart failure despite the otherwise benign 
course of her systemic disease. To our knowledge, 
severe tricuspid regurgitation requiring valve 
replacement in a patient suffering from systemic 
lupus erythematosus has not been previously 
described. Though Libman and Sacks!? stated that 
verrucae were most often found on the tricuspid 
valve, recent studies show that the mitral and aortic 
valves are more likely to be affected.? 1° 

It appears that the natural history of "cardiac" 
lupus erythematosus is changing, with the so-called 
healed Libman-Sacks endocarditis, an infrequent 
occurrence in the era before corticosteroids. The ver- 
rucae of Libman-Sacks type endocarditis are charac- 
teristically located on the ventricular mural endocar- 
dium, chordae tendineae, and papillary muscle, and 
usually do not distort the valve leaflets. Bulkley and 
Roberts,!® however, suggested that corticosteroids 
promoted healing of the verrucae, either as a direct 
effect of the drug, or as a result of longer survival of 
the patients. Though vital to the management of sys- 
temic lupus erythematosus, corticosteroids have an 
overall deleterious effect on the heart by increasing 
the incidence of valvular damage.!? In our patient the 
histology of the tricuspid valve was characterised by 
an increase in the mucopolysaccharide content of the 
valvular matrix. Similar findings were described by 
Bernhard et al.,!^ who considered this to be the result 
of corticosteroids. 

Successful valve replacement has been reported in 
several adult patients with Libman-Sacks endocarditis 
of the aortic and mitral valves,!^5 15 and the operation 
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promptly relieved uncontrolled severe heart failure in 
our child. There is an analogy to the situation in chil- 
dren with active rheumatic carditis and severe failure 
because of valvar dysfunction, where the introduction 
of a prosthetic valve breaks the “vicious circle” and 
may be life saving, by allowing control to be gained 
over the failure and the active disease.!® Vaughton et 
al. ,55 however, have recently warned that active ver- 
rucous endocarditis may progress and cause severe 
dysfunction of the prosthetic valve. 
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Congenital atresia of left coronary ostium 


LUC G VAN DER HAUWAERT, MONIQUE DUMOULIN, PHILIP MOERMAN 
From the Section of Paediatric Cardiology, University Hospital Gasthuisberg, Leuven, Belgium 


SUMMARY A two-year-old girl, who presented with congestive heart failure and an extensive 
anterolateral infarction, was thought to have anomalous origin of the left coronary artery from the 
pulmonary artery. She improved rapidly and remained symptom free until 13 years of age, when she 
died suddenly. At necropsy the right coronary artery was found to be normal but in the left aortic 
sinus a dimple was the only remnant of the left coronary ostium. The proximal segment of the left 
coronary artery was diminutive and did not connect with the aortic root. This is the first report of a 
long term follow-up of a patient with this rare anomaly. 


The majority of left coronary artery malformations are 
anomalies of its site of origin. The clinical picture in 
patients with aberrant origin of the left coronary 
artery from the pulmonary artery, leading to myocar- 
dial infarction and congestive heart failure in infancy, 
is well recognised.!? We describe a patient who in 
infancy presented with the same clinical and elec- 
trocardiographic features, became asymptomatic later 
on in childhood, and died suddenly at 13 years of age. 
At necropsy a normally situated but atretic left coro- 
nary ostium was found. 


Case report 


A girl was born by normal delivery after an uneventful 
pregnancy, birthweight 3 kg, both parents and an 
older sister were healthy, and growth and develop- 
ment were normal until 22 months of age when 
anorexia, tiredness, and tachypnoea were noticed. A 
chest x-ray film, taken because a respiratory infection 
was suspected, showed gross cardiomegaly and 
increased pulmonary vascular markings. When 
admitted on 24 April 1969, the patient was pale, 
sweating, and obviously in cardiac distress. The heart 
rate was 160/min and the respiratory rate was 68/min. 
The face was puffy and the liver was palpable 6 cm 
below the costal margin. On palpation a heaving left 
ventricular impulse, displaced to the mid-axillary 
line, was felt. A grade 2/6 systolic murmur and a loud 
gallop were heard at the apex. The electrocardiogram 
(Fig. 1) showed sinus rhythm and a mean frontal 


QRS axis of +30°. Deep Q waves and sharply. 


inverted T waves were seen in I, aVL, and the left 
precordial leads. In V3 and V4 the ST segment was 


much raised. The diagnosis was anterolateral myocar- 
dial infarction, probably caused by anomalous origin 
of the left coronary artery from the pulmonary artery. 
After two weeks of treatment with digoxin and diure- 
tics, the tachypnoea, tachycardia, and hepatomegaly 
disappeared and the patient was discharged. 

She was readmitted for cardiac investigation at 22 
years of age. The apex beat was displaced and a soft 
systolic murmur was heard at the fourth left inter- 
costal space. There were no signs of congestive heart 
failure. The electrocardiogram showed the same Q 
waves but the ST elevation had disappeared. 

Right and left cardiac catheterisation (Table) dis- 
closed normal pressures, with the exception of a 
slightly raised pulmonary capillary venous (mean 
14 mmHg) and left ventricular end-diastolic pressure 
(12 to 18 mmHg). Oximetry showed no evidence of 
left-to-right shunting. Angiography of the aortic root 
showed absence of a left main coronary artery and a 
large, slightly tortuous right coronary artery. 
Branches of the left coronary artery were seen to fill 
from the right side, but the proximal segment of the 
left coronary artery was not seen. There was no pas- 
sage of contrast material into the pulmonary artery. 
Though direct proof of the connection was lacking, 
the angiograms were thought to confirm the diagnosis 
of anomalous left coronary artery originating from the 
pulmonary artery. 

The patient remained symptom free and was 
examined at yearly intervals. When last seen in March 
1980, physical examination was unremarkable. The 
electrocardiogram (Fig. 1) disclosed deep but narrow 
Q waves and T inversion from V4 to V6. In V4 the ST 
segment was slightly elevated. On the chest x-ray film 
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Fig. 1 The electrocardiogram at 22 months of age (A) shows 


deep Q waves and inverted T waves in I, aVL, VS, and V6. 
The ST segment is much raised in V3 and V4. At 12 years of age 
( B) the Q waves persist but the ST alterations are less 
conspicuous. 


Table Haemodynamic data (at age 2 years 6 months) 
LL 








Sitë Pressure Oxvgen saturation (%o) 
(mmHg) 

Superior vena cava 68. 67 

Right atrium aS$Sv4m3à 66, 69 

Right ventricle 30/5 66. 66 

Pulmonary artery 30:15 m 23 67, 65 

Pulmonary capillary m 14 

Left ventricle 120/12-16 

Aorta 120/65 99 
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the heart was normal. The M-mode echocardiogram 
showed a slight increase of the end-diastolic left ven- 
tricular dimension (43 mm) and the fractional shor- 
tening of the left ventricle with systole was decreased 
(23%). The left atrial dimension (23 mm) and the 
thickness of the left ventricular posterior wall (7 mm) 
and interventricular septum (8 mm) were normal. 
Exercise testing (maximum load 600 kpm/min during 
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| min) provoked no chest pain. There was no ST 
segment depression but the T waves in V4 to V6, 
which were negative at rest, became positive. 

On the basis of these results it was felt that cardiac 
surgery and a saphenous vein graft could be post- 
poned for a few years. The patient remained symptom 
free. At 13 years of age she died at home suddenly. 
One morning she was found pale, unconscious, and 
gasping. She was given mouth-to-mouth respiration 
and rushed to the emergency department of the hospi- 
tal but was dead on arrival. The days before her death 
she had had a slight fever, probably unrelated to the 
fatal outcome. 

At necropsy the right coronary artery was found to 
arise normally from its coronary sinus. In the left aor- 
tic sinus a dimple was the only remnant of the left 
coronary ostium. The proximal segment of the left 
coronary artery was diminutive. Before the heart was 
opened, a coronary angiogram with injection of the 
right coronary artery (Fig. 2) was performed. After 





Fig. 2 Postmortem coronary artenogram after injection of the 
right coronary artery. Numerous small collaterals produce 
retrograde filling of the left coronary artery. Its main stem, 
however, is short and small and does not communicate with the 
coronary ostium. 
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opacification of the large and slightly tortuous right 
coronary artery, the branches of the left coronary 
artery were seen to fill retrogradely via collaterals. 
Even at the point of maximum filling the branches of 
the left coronary artery were distinctly smaller than 
those of the right. The main stem of the left coronary 
artery was very short and narrow and did not com- 
municate with the normally situated but atretic coro- 
nary orifice. Transverse sections of the heart showed a 
large (2x3 cm) fibrotic scar in the anterior and apical 
wall of the left ventricle. The entire left ventricular 
endocardium appeared thickened and fibrotic. The 
major histological finding was a zone of fresh infarc- 
tion in the interventricular septum, characterised by 
interstitial oedema, eosinophilic coloration of the sar- 
coplasma, and pyknosis of cell nuclei. 


Discussion 


Atresia of the left coronary ostium is a rare congenital 
anomaly. To our knowledge, five similar cases have 
been reported.?77 The clinical picture in our case and 
in two previously reported infants?* was indistin- 
guishable from that observed in anomalous origin of 
the left coronary artery from the pulmonary artery. As 
characteristically seen in the latter condition, our 
patient presented with congestive heart failure, mas- 
sive cardiac dilatation, and anterolateral infarction in 
infancy, with Q waves and ST elevation in I, aVL, 
and the left precordial leads.! 2 

A unique feature of our case is the duration of 
follow-up from an episode of myocardial infarction in 
infancy to adolescence. Between three and 13 years of 
age the patient was symptom free and had a normal 
exercise tolerance. The cardiac volume on the chest 
x-ray film had become normal. 

Cardiac catheterisation may contribute to the diffe- 
rential diagnosis if oximetry discloses a left-to-right 
shunt in the pulmonary artery. By contrast with older 
children with anomalous origin of the left coronary 
artery, however, infants with this anomaly rarely have 
a significant increase of oxygen saturation in the pul- 
monary artery.2 Only angiography, carefully inter- 
preted, permits an accurate diagnosis. In our case 
opacification of a large right coronary artery and fail- 
ure to fill the left coronary artery after aortic root 
injection were thought to corroborate the diagnosis of 
anomalous origin of the left coronary artery. The 
non-opacification of the main stem of the left coronary 
artery was attributed to poor collateral circulation. 
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The same mistake was made in the two reported 
infants.75 We therefore suggest basing the diagnosis 
of anomalous origin of the left coronary artery on the 
visualisation of the anomalous connection after 
retrograde filling, which is possible in most cases,? 
and not only on the non-opacification of the left coro- 
nary artery after injection of the aortic root. Failure to 
show the left main coronary artery after retrograde 
filling from the right coronary artery strongly suggests 
atresia of the left coronary ostium. 

Judging from the postmortem angiograms, the 
anomaly in our patient was probably not amenable to 
surgery. The smail calibre of the main stem and major 
branches of the left coronary artery precluded the 
construction of a saphenous vein graft. Successful 
surgical correction and hence creation of a two coro- 
nary system have been reported in one adolescent* 
and one adult? who both presented with long standing 
angina pectoris. 
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The potential of diagnostic 
information to be gained by 
echocardiology is extra- 
ordinary. To exploit it fully the 
ultrasound system em- 
ployed has to provide "mul- 
tiple choice" in terms of 
display, freeze and recording 
modes. In addition the 
scanning system has to 
make the best use of the 
anatomical "windows" open 
to ultrasound. And the sys- 
tem has to be easily mobile 
for fast application where it 
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unit for echocardiology. This 
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system enables display and 
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images 
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@ 2-D on both monitors 
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multaneous 2-D on main 
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ence monitor 
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taneous 2-D on main moni- 
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In echocardiology. 


ECG, phono and pulse, to- 
gether with alphanumerical 
data, can be displayed with 
the M-mode 

The freeze modes are 
equally versatile 

e Manual freeze 

@ ECG triggered strobe 
mode 

e ECG dual trigger mode in 
one cardiac cycle 

Remote and automatic 
recording covers 

Sector and M-mode in real- 
time and freeze on video 
recorder. M-mode and video 
hardcopy of sector or 
M-mode on strip chart re- 
corder 

Many additional unique 
features facilitate operation 
for fast results of optimum 
diagnostic confidence 

For detailed information 
please contact us 

Philips Medical Systems 
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diagnostic imaging and 
radiation therapy 
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Mitral valve prolapse and coronary artery spasm 


Sir, 
I read with interest the article on Prinzmetal's angina 
and coronary artery spasm by Huckell and coworkers 
(Br Heart F 1981; 45: 649-55). The authors men- 
tioned the association of mitral valve prolapse in eight 
of their 18 patients with Prinzmetal's angina, and 
wondered whether this finding was causative or coin- 
cidental, or whether patients with mitral prolapse 
were more prone to develop coronary artery spasm. 
That there is indeed a causal relation between mitral 
valve prolapse and coronary artery disease with or 
without spasm has been fairly well established.! ? 
‘Mitral valve prolapse, on one hand may result from 
coronary artery disease,! but on the other hand may 
also be responsible for inducing coronary artery 
spasm.? Mitral valve prolapse, therefore, may be either 
secondary or primary or both.3 

I found that secondary mitral valve prolapse 
accompanying coronary artery disease has not only a 
different clinical auscultatory presentation! but a dif- 
ferent angiographic appearance from primary mitral 
valve prolapse.^ On a left ventriculogram in the 30 
degree right anterior oblique projection the mitral 
valve in primary mitral valve prolapse has the appear- 
ance of a *bird's beak” because of the billowing of the 
redundant and voluminous mitral leaflets. In secon- 
dary mitral valve prolapse caused by coronary artery 
disease, the mitral valve on left ventriculography in 
the same projection has the appearance of a “nipple” 
because of the uneven tethering of a structurally nor- 
mal mitral valve by the dysfunctional papillary mus- 
cles. This angiographic sign was present in 9096 of the 
cases I studied.^ 


Tsung O Cheng, 

The George Washington University, 
Medical Center, 

Washington, DC 20037, 

USA. 
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This letter was shown to Dr Huckell who replies as 

follows. 

Sir, 

We agree that a causal relation between mitral valve 

prolapse and coronary artery disease with and without 

spasm has been reasonably established.!^? Our study 

reviewed the clinical course of our patients with coro- 

nary artery spasm and only secondarily looked at the 

instance of mitral valve prolapse in the same patient. 

We reviewed the angiographic appearance of the pro- 

lapse in the eight patients with this finding. Several 

did have a “nipple” appearance as described by 

Cheng^; in the majority, however, the appearance of 

the prolapse was not clearly definable as either a 

“beak” or “nipple”. Nevertheless, we feel that most, 

if not all, of our patients with mitral valve prolapse 

probably have this because of papillary muscle dys- 

function.5 Further attention to the presence of either 

primary or secondary mitral valve prolapse in patients 

with coronary artery disease would be useful to see if 

either type of mitral valve prolapse has a predilection 

for coronary artery spasm. 

Victor F Huckell, 

Division of Cardiology, 

University of British Columbia, 

Vancouver BC, 

Canada. 
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Hang-out time of pulmonary valve in d-transposition of 
great arteries 


Sir, 

I note that in the March issue of the British Heart 
Journal Dr Fouron and his colleagues once more used 
the term "d-transposition of the great arteries". I have 
written previously expressing concern at the possible 
misuse of this term, but from the fact that Dr Fouron 
and his colleagues continue to use it, and also from 
discussions and correspondence with many col- 
leagues, I know that my previous letter failed to 
express adequately the point I was trying to make. 
There is nothing wrong with the term “d- 
transposition" when it is used to describe a heart with 
the aorta arising from a morphologically right ven- 
tricular chamber, the aortic valve being to the right of 
the pulmonary valve. This is the fashion in which, as 
Dr Fouron and his colleagues pointed out in their 
response to my previous letter, the term is used by Dr 
Van Praagh and his colleagues. In their previous letter 
Dr Fouron and his colleagues went on to say that 
complete transposition was a physiological designa- 
tion. I would submit that their present article 
describes exactly such a physiological situation. If I 
understand their article correctly, they are not 
describing results pertinent to all patients who might 
have a right-sided aorta arising from a morphologi- 
cally right ventricle. This of course could include 
patients with tricuspid atresia and transposition, 
patients with double inlet ventricle and transposition, 


and even some patients with physiologically corrected _ 


transposition in situs inversus. I do not believe that it 
is the intention of the Montreal group to imply that 
their results are applicable to all these patients, who 
could correctly be stated as having “‘d-transposition”’. 
What I believe the Montreal group are describing are 
findings pertinent to patients having complete trans- 
position. Indeed, throughout the rest of their paper 
they simply use the term “transposition of the great 
arteries". My previous letter gave considerable scope 
for misinterpretation. Indeed, I know from corres- 
pondence that it was widely misinterpreted. AIl I was 
trying to say was that, for the patients described by 
Dr Fouron and his colleagues, ‘‘complete transposi- 
tion" is a scientifically accurate and appropriate term. 
*d-transposition" may apply to the majority of the 


— 


patients, but it does not describe all of them, and 
certainly describes many patients who do not fall 
within the group described by the Montreal inves- 
tigators. I therefore stand by my earlier contention 
that, for the overall group of patients—patients with 
atrioventricular .concordance and ventriculoarterial 
discordance—complete transposition is a more 
appropriate term than *'d-transposition". 


R H Anderson, 
Cardiothoracic Institute, 
Fulham Road, 

London SW3 6HP. 


This letter was shown Dr Fouron and his colleagues 
who reply as follows. 


Sir, 

In his letter, Professor R H Anderson deplores once 
again the use of d-transposition (d- TGV) in our article 
on “Hang-out time of pulmonary valve in 
d-transposition of great arteries" .! We agree with Pro- 
fessor Anderson that d-TGA means cases of TGA in 
which the aortic valve lies to the right (dextro or D) 
relative to the pulmonary valve. When d-TGA is used 
without further qualification, however, the typical 
situation, that is TGA (S, D, D}, (TGA with situs 
solitus and D-loop) is meant as in all patients in our 
series and as in 9596 of necropsied cases. Hence 


. d- TGÀ is convenient shorthand. When other malfor- 


mations are present they must be mentioned, as for 
instance tricuspid atresia with.d-TGA. Patients with 
physiologically corrected transposition in situs inver- 
sus should be described as having situs inversus (T), 
ventricular D-loop (D), and d-transposition of the 
great arteries (D), or simply (I, D, D). We believe 
that anatomical precision is important physiologically 


302 


dp. 


Correspondence 


and surgically. The segmental approach to the diag- 
nosis of congenital heart disease applies acurately in 
all anomalies, no matter how complex. 
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Effects of prostaglandin E: and other vasodilator agents 
in pulmonary hypertension of scleroderma 


Sir, 

Guadagni et al.! have recently reported the 
haemodynamic effects of prostacyclin in pulmonary 
hypertension. We report here the effects of prostag- 
landin E: (PGE1) in the treatment of pulmonary 
hypertension in a patient with scleroderma.. 

A 25 year old woman with scleroderma was admit- 
ted to hospital in February 1980 for assessment of 
pulmonary hypertension. Àn open lung biopsy in 
January 1979 showed distinct changes in the small to 
medium sized muscular pulmonary arteries, with 
intimal fibrosis and medial hypertrophy. Neither 
plexiform lesions nor parenchymal fibrosis was found. 
In May 1979, the pulmonary arterial pressure was 
raised at 80/35 mmHg (mean 54 mmHg) and the pul- 
monary arteriolar resistance was 650 dynes s cm 5. 
An intravenous infusion of nitroprusside at a dose of 6 
ug/kg per min lowered pulmonary arterial pressure by 
26% and pulmonary arteriolar resistance by 50%. 
Phentolamine, 5 mg intravenously, produced a 20% 
reduction in pulmonary arterial pressure and 13% 
reduction in pulmonary arteriolar resistance. The 
patient was placed on oral phentolamine 250 mg daily 
in divided doses but developed progressive dyspnoea. 

On examination, the chest was normal. The jugular 
venous pressure was raised and a left parasternal 
heave was present. Skin over the fingers and toes was 
tight and bound down and multiple digital ulcerations 
were present. Telangiectasia were present on the face. 
Antinuclear factor was positive to a titre of 1/200. 

Right heart catheterisation was performed with a 
Swan-Ganz catheter. Cardiac output was assessed 
with the thermodilution technique using a bedside 
cardiac output computer (Edwards Laboratories). 
Diazoxide was given by bolus injection through the 
right atrial port. PGE: (Upjohn Company of Canada) 
was infused through the right atrial port for 10 
minutes out of each hour for a total of 49 infusions. 
The initial dose was 1 ng/kg per min for 10 minutes 
increasing to a maximum tolerated level of 32 ng/kg 
per min for 10 minutes. The haemodynamic effects of 
PGE were assessed just before the final infusion of 32 
ng/kg per min and immediately after completion of 
this infusion, Between treatment with diazoxide and 


PGEi, haemodynamic measurements were allowed to 
return to baseline values. 

The right atrial pressure was 14 mmHg. Pulmonary 
arterial pressure was 75/34 mmHg (mean 51 mmHg), 
cardiac index 2:33 l/min per m", and stroke index 23 
ml/beat per m?. The catheter tip could not be made to 
flow into the wedged position and thus the total pul- 
monary resistance index was calculated instead of 
pulmonary arteriolar resistance. Diazoxide produced 
an increase in pulmonary arterial pressure to 85/39 
mmHg (mean 60 mmHg) but a 24% decrease in sys- 
temic vascular resistance. PGE: did not affect pulmo- 
nary arterial pressure, but just before the last infusion 
there had been a 2396 increase in total pulmonary 
resistance index from 1751 dynes s cm ^5- m"? to 2153 
dynes s cm^ 5: m^? and a fall in stroke index of 22%. 

The failure of intravenous diazoxide to reduce pul- 
monary arterial pressure suggests progression to fixed 
pulmonary hypertension and may explain the lack of 
response to PGE:1. This differs from the previous 
reports suggesting that prostaglandins may ameliorate 
haemodynamic measurements in pulmonary hy- 
pertension.!7* On the other hand, studies in normal 
humans have also been variable, with PGE: produc- 
ing either a slight rise or fallé in pulmonary arterial 
pressure or resistance. These results suggest that the 
effect of PGE: on the pulmonary circulation in man 
remains to be clarified. 

M Baron, 

G Skrinskas, 

R Hyland, 

M B Urowitz, 

Rheumatic Disease Unit and 
the Department of Medicine, 
The Wellesley Hospital, 
University of Toronto, 
Toronto, Ontario, 

Canada. 
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Clinical features 


All the babies presented with cyanosis during the first 


six hours of life. None had a inurmur save case:5 in 


whom a soft systolic murmur was heard at the upper 
left sternal border. In cases 2 and 6, the liver was 
enlarged below the right costal margin by 2 and 5 cm, 
respectively. The electrocardiogram showed signs.of 
right ventricular hypertrophy in all except case 4. In all 
cases the chest radiograph showed a heart of normal 
size. The lung fields had a fine granular appearance in 
all save cases 1 and 4. At cardiac catheterisation the 
pulmonary arterial pressure was equal to, or exceeded, 
the systemic arterial pressure and the arterial oxygen 
saturation was similar in the pulmonary artery and 
aorta in all cases (Table). In five cases pulmonary 
angiography showed total anomalous pulmonary 
venous return to an infradiaphragmatic site, except in 
case 4, where the left upper lobe only drained into a left 
superior vena cava. In the remaining case (case 5) a 
diagnosis of total anomalous pulmonary venous return 
to the right atrium was made by two dimensional 
echocardiography. 

Four babies died at or soon after surgical repair of the 
anomaly at between 1 and 6 days of age. Cases 4 and 5 
died before operation could be attempted. The 
interatrial defect was a secundum atrial defect found at 


Table Clinical.data 


Haworth 


operation in cases 2, 3, and 6, and a stretched foramen 
ovale was present in cases 1, 4, and 5. 
At necropsy, in four of the 


cases with 


-infradiaphragmatic total anomalous pulmonary venous 


return, the descending vertical vein entered the porta 
hepatis, and in the fifth case (case 1) it entered the 
inferior gastric vein. The ductus arteriosus was or had 
been patent in all cases, having been ligated in those 
patients submitted to operation. Case | also had a small 
subaortic ventricular septal defect measuring 3 mm in 
diameter and partial juxtaposition of the left atrial 
appendage. In all cases the left ventricle was of normal 
size. 


Pathological studies 


The pulmonary vessels were injected in only two 
patients, cases 4 and 5. The pulmonary arteries were 
injected under pressure with a barium sulphate gelatin 
mixture in theright lung of case 4 and in the middle and 
lower lobes of the right lung in case 5. The pulmonary 
veins of the right upper lobe in case 5 were also injected 
using the same technique. The lungs of these two cases 
were fixed by injecting the airways with formol saline at 
constant pressure. Blocks of tissue .] cm square were 
taken for histological examination from the lungs of all 
cases, as indicated in Fig. 1, 





+ 
wth 


Case Diagnosis Age at Pulmonary 
No. cardiac arterial 
catheterisation or right 
d ventricular 
pressure 
(mmHg) 
l Infradiaphragmatic l 85/50 
total anomalous — 
pulmonary venous 60 
return 
2 Infradiaphragmatic I 40/30 
total anomalous "n 
pulmonary venous 33 
return 
3 Infradiaphragmatic 3 55/3 
total anomalous 
pulmonary venous 
return 
4 Infradiaphragmatic 3 95/55 
total anomalous MA 
pulmonary venous 70 
return 
5 - Total anomalous 3 70/50 
pulmonary venous = 
return to right 56 
atrium 
6 Infradiaphragmatic 5 90/69 
total anomalous e 
pulmonary venous 70 


return 


Systemic Y O2 saturation Age at 
arterial death 
or left Pulmonary Aorta (d) 
ventricular artery 
pressure 
(mmHg) 
75[50 60 62 l 
60 
45/35 62 65 2 
38 
59/35 64 67 3 
43 
55/40 64 64 4 
45 l No operation 
70/50 61 56 5 
56 No operation 
80/55 69 62 6 
60 
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Total anomalous pulmonary venous return 
Prenatal damage to pulmonary vascular bed and 


extrapulmonary veins 


SHEILA GHAWORTH 


From the Department of Paediatric Cardiology, Institute of Child Health, Guilford Street, London 


SUMMARY To investigate the possibility that pulmonary vascular disease may be present at birth in 
children presenting with obstructed total anomalous pulmonary venous return in the neonatal period, 
pulmonary vascular structure was analysed in the lungs of six babies who died during the first week of 
life. Five babies had infradiaphragmatic total anomalous return and in one the pulmonary veins drained 
to the right atrium. In all cases mean percentage arterial medial thickness was greater than is normal at 
S hours. The most striking change occurred in the intra- and extrapulmonary veins. Within the lung, in , 
all six cases mean percentage vein wall thickness was significantly increased and in two cases intimal 
proliferation occurred in preacinar veins. The extrapulmonary veins were generally small in all five 
cases of infradiaphragmatic total anomalous pulmonary venous return, microscopicaly were 
abnormally thick walled in four, and showed intimal proliferation in three cases. In two cases the 
descending vertical vein was severely narrowed or occluded. 

A prenatal increase in intrapulmonary arterial and venous muscularity may encourage episodic 
pulmonary hypertension in the immediate postoperative period. In the infradiaphragmatic type of 
anomaly, prenatal structural changes in the extrapulmonary veins may -predispose to the later - 
development of pulmonary vein stenosis despite a successful surgical repair. 


The mortality rate for correction of total anomalous 
pulmonary venous return has-improved considerably 
during the past 10 years. Two recent series quote a 
hospital survival rate of 87%! and 8899.7 Age is 
becoming less important as a determinant of survival 
probably because of earlier patient referral and 
improvements in surgical technique. In one recent 
study age was shown to have no effect on survival.! At 
The Hospital for Sick Children, Great Ormond Street, 
however, during the past five years the hospital survival 
rate for children aged 1 week or more was 87% while for 
those less than 1 week of age it was only 36%. The 
higher mortality in the younger age group may perhaps 
be the result not of age itself but of other factors 
associated with the early development of pulmonary 
venous obstruction. Little is known about the state of 
the pulmonary vascular bed at birth in these babies, 
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but, in slightly. older patients, pulmonary vascular 
disease has been considered .to be an important 
determinant of survival.3-5 

In order to investigate the possibility that pulmonary 
vascular disease may be present at birth in children 
presenting with obstructed total anomalous pulmonary 
venous return in the neonatal period, pulmonary 
vascular structure has been analysed in the lungs of six 
babies who died during the first week of life. Previous 
pathological studies on the lung in total anomalous 
pulmonary venous return have concentrated on 
pulmonary arterial structure? $ Recently, however, 
there have been several clinical reports of pulmonary 
vein stenosis-developing in patients who have had an 
apparently successful repair of the anomalous venous 
drainage.! ? The stenosis developed in the pulmonary 
vein, proximal to the anastomosis between the venous 
confluence and the left atrium, and was not related to 
the suture lines. In the present study, therefore, the 
structure of the intra- and extrapulmonary veins has 
been analysed in addition to that-of:the arteries. 
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can College of Cardiology as 
well as the Bethesda Confer- 
ences, sponsored by the Col- 
lege, on current topics in cardiol- 
ogy. The inaugural issue will 
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better choice than beta-blocke 
in hypertension 


Baratol works in a more logical 
way than beta-blockers 


As an alpha-blocker, BARATOL works by reducing 
peripheral resistance — widely considered as the most 
logical way to treat hypertension. In this way BARATOL 
controls B.P. as effectively as propranolol and 
methyldopa.'? 


With BARATOL there is no marked slowing of the heart — 
compare this with beta-blockers which slow the heart rate, 
reduce cardiac output and even increase peripheral 
resistance.** 


Better than beta-blockers 
_ in ‘wheezy’ patients 


Unlike beta-blockers, BARATOL can be used with 
confidence in ‘wheezy’ chest patients, 

such as asthmatics and bronchitics, because 

bronchoconstriction does not occur." 


-. Avoids beta-blocker problems 
Troublesome side-effects often seen with beta-blockers 


e.g. cold hands and feet, and weakness, do not occur with 
BARATOL. 
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a better choice than beta-blockers in the everyd 
management of hypertension 


BARATOL Presentabon 


Notices 


Br Heart F 1982; 48: 308 


The First World Congress on Cardiovascular Phar- 
macotherapy will take place in Geneva, Switzerland 
from 11 to 15 April 1983. Inquiries to Interconfér- 
ence, 12 Ave. des Amazones, 1224 Chéne-Bourgeries, 
Geneva, Switzerland. 


Subacute bacterial endocarditis 


À survey is currently being carried out by the British 
Cardiac Society and the Medical Services Study 
Group of the Royal College of Physicians. Though 
improvement of dental prophylaxis is one objective, 
the survey is already yielding other valuable informa- 
tion. It is hoped that proformas will be received in 
respect of a high proportion of patients with subacute 
bacterial endocarditis in the British Isles seen during 
1981 and 1982 and readers are asked to arrange for 
them to be submitted in respect of any cases that come 
to their notice. Proformas can be obtained from Sir 
Cyril Clarke, Medical Services Study Group, King's 
Fund Centre, 126 Albert Street, London NW1 7NF 
(tel. 01-267 6111, ext 263) to whom they should be 
returned. 


British Cardiac Society - 


The Autumn Meeting 1982 will take place on 6 and 7 
December. The closing date for receipt of abstracts 
was 1l August. 

The Annual General Meeting for 1983 will take 
place in Bristol on 12 and 13 April, and the closing 
date for abstracts will be 4 January 1983. 

The Autumn Meeting will be held at Wembley on 
21 and 22 November 1983, and the closing date for 
abstracts will be 28 July 1983. 
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Echocardiographic diagnosis of isolated pulmonary 
valve endocarditis 


Sir, 

In the case report (British Heart Journal 1982, 47: 
298—300), the authors confirm the value of echocar- 
diography in the diagnosis of pulmonary valve vegeta- 
tions. They do not comment on the echocardiographic 
assessment of the pattern of leaflet motion. We have 
demonstrated the value of the cross-sectional 
echocardiogram in showing the flail nature of the 
leaffets in a further patient with pulmonary valve veg- 
etations,! and it would be interesting to know if the 
authors have any information in their case. The two 
dimensional approach is more likely to show details of 
the size and shape of the vegetations and the leaflet 
motion than M-mode echocardiograms. Our patient 
has now been reviewed over a two year period, and 
there have been no changes in the echocardiographic 
features, and no deterioration in his clinical condition. 
Surgery does not seem to be required in such cases if 
the initial infection can be successfully treated with 
antibiotics. 


A K Brown, V Anderson, C L Gillgren, 
Cardiac Investigations Department, 
Royal Lancaster Infirmary, 

Lancaster. 


Reference 


Anderson V, Gillgren CL, Brown AK. Pulmonary valve 
vegetations and flail leaflet detected by cross-sectional 
echocardiography in infective endocarditis. Eur Heart F 
1981; 2: 519-23. 
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Br Heart F 1982; 48: 306 


Oxford pacemaker infection trial 


Sir, 
We read with interest the Oxford pacemaker infection 
trial. This came at a time when we in Leeds were 
conducting a similar prospective investigation into the 
effect of antibiotics on pacemaker infections. Our trial 
consisted of 67 patients who had satisfied the exclu- 
sion criteria. The latter were essentially similar to 
those in the Oxford trial but also excluded diabetics 
from randomisation as we felt there was enough evi- 
dence showing that these patients have an increased 
predisposition to staphylococcal infections. Of the 67 
patients in the trial, there was one infection in the 
treated and one in the untreated group. 

We think that the Oxford data are convincing. For 
those still doubting this evidence, antibiotic 
prophylaxis must remain mandatory for the at-risk 


patients undergoing early re-exploration of their 
generator pockets. We also consider diabetics to be at 
increased risk of staphylococcal infection and woulc 
always advocate the use of antibiotics in this group. 


M A Young, 

Department of Cardiovascular Medicine, 
East Birmingham Hospital, 

Bordesley Green East, 

Birmingham B9 SST. 


D R Smith, 
Leeds General Infimary, 


' Great George Street, 


Leeds. 
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2 Watkins WD, Peterson MB, Crone RK, Shannon DC, 
Levine L. Prostacyclin and prostaglandin E: for severe 
idiopathic pulmonary artery hypertension (letter). Lancet 
1980; i: 1083. 

3 Szczeklik J, Dubiel IS, Mysik M, Pyzik Z, Krol R, 
Horzela T. Effects of prostaglandin E: on pulmonary 
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4 Szczeklik J, Szczeklik A, Nizankowski R. Prostacyclin 
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5 Bergstróm S, Dunér H, Von Euler US, Pernow B, 
Sjovall J. Observations on the effects of infusion of Pros- 
taglandin E in man. Acta Physiol Scand 1959; 45: 145-51. 

6 Carlson LA, Olsson AG. Intravenous Prostaglandin E: in 
severe peripheral vascular disease (letter). Lancet 1976; 
ii: 810. 


This letter was shown to Dr Ikram who replies as 
follows. 


Sir, 

The authors conclude that PGE: infusion in their 
case produced no reduction in pulmonary arterial 
pressure and an increase in pulmonary resistance. 
Unfortunately their data are complicated by the 
prior administration of diazoxide and though they 
claim that the haemodynamic status had returned 
to baseline levels, this is clearly not the case at the 
start of the PGE: infusion. If the haemodynamic 
measurements immediately before the PGE: at 32 
ng level are taken as control, then there is a small 
fall in systemic and pulmonary vascular resistance 
and a rise in cardiac output with consequently no 
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change in pulmonary pressure. PGE: is not as 
potent a vasodilator as PGl2 (prostacyclin) and 
there are patients who respond minimally even to 
this, the most potent naturally occurring pulmo- 
nary vasodilator. 

The general experience with all vasodilator 
therapy in pulmonary hypertension is that 
responses tend to be variable and unpredictable. 
The fact that the vasculature was more responsive 
to vasodilators previously suggests the develop- 
ment of obstructive changes which would not be 
influenced by PGE:. The authors talk about lack 
of “benefit”. It is difficult to assess or even define 
what constitutes benefit in this situation. À fall in 
pulmonary pressure would be desirable but fre- 
quently does not occur because of increased flow. 
The best estimate would be regression of right ven- 
tricular hypertrophy but this is not possible in an 
acute study. Improvement in right ventricular 
funcüon assessed by pressure and radionuclide 
methods would help in assessing beneficial action 
but was not performed. 

I would certainly endorse the authors! com- 
ments that “the effect of PGE: in the pulmonary 
circulation in man remains to be clarified’’ espe- 


-cially in patients with pulmonary vascular disease. 


Hamid Ikram, 

Department of Cardiology, 

The Princess Margaret Hospital, 
Cashmere Road, 

Christchurch 2, 

New Zealand. 


Prenatal changes in total anomalous pulmonary venous return 


[n both the injected and uninjected uninflated tissue, 
pulmonary vascular structure was analysed using 
quantitative morphometric techniques." ^ [n each case, 
the percentage wall thickness of both arteries and veins 
was determined. The vessels were grouped according 
to their external diameter and the mean pércentage wall 
thickness was calculated for each size range. For each 
case, percentage wall thickness was determined in each 
lobe separatelv. The mean external diameter and the 
proportion of non-muscular, partially muscular, or 
entirely muscularised arteries accompanying each type 
of peripheral airway (terminal bronchioli, respiratory 
broncholi, and alveolar ducts) were assessed for each 
lobe. The results in each lobe and, where possible, each 
lung were compared using Student's t test. 

In order to estimate the number of intra-acinar* 
arteries and veins the ratio of alveoli to arteries and 
alveoli to veins was determined in the injected tissue of 
cases 4 and 5. 

On the fixed specimens the lumen diameter of the 
extrapulmonary veins was measured in all except case 
4. [n four cases of infradiaphragmatic total anomalous 
pulmonary venous return the lumen diameter of the 
descending vertical vein was also measured. Fig. 1 
indicates those extrapulmonary veins and regions of the 
descending vertical vein selected for histological 
examination. The descending vertical vein was thick 


*An acinus is all lung tissue distal to a terminal bronchiolus. 
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walled for a distance of 1:5 cm proximal to its entering 
the porta hepatis in case 2, and the lumen was occluded 
in this region in case 6. In both cases, a serial 
reconstruction was made of this part of the descending 
vertical vein. 

All histological sections of lung and venous tissue 
were 4 um thick and stained with haematoxylin and 
eosin and with Miller's elastic stain counterstained with 
van Gieson's stain. The serial sections were all stained 
with Miller's elastic stain. 


Results 


On microscopical examination of the lung tissue, in all 
cases the alveoli appeared normal, were mature, and 
not saccular. The lymphatic channels were 
considerably dilated in all sections of lung tissue 
examined. In the injected specimens, the two 
postmortem arteriograms and one lobar venogram 
showed a normal branching pattern and no stenoses. 


INTRAPULMONARY ARTERIES 

In all cases the media of the intrapulmonary arteries 
appeared thicker than normal. In each case, in both 
injected and uninjected tissue, mean percentage 
arterial medial thickness in arteries of all sizes was 
significantly greater than is normal at 5 hours of age in 
all parts of the lung examined (Fig. 2 and 3). The 
increase in muscularity was similar in different parts of 





Diagram to show the type of total anomalous pulmonary venous return and the lumen diameter of the extrapulmonary veins and 


descending vertical vein (mm). The lobes of lung examined histologically are indicated by a continuous outline to the lung, and those lobes 
not examined histologically are indicated by an interrupted line. The extrapulmonary and descending vertical veis examined 


histologically are shown by a +. 
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the same lung and in the two lungs of the same case 
where the tissue was available for such a comparison to 
be made. Microscopical examination of the lung tissue 
from all cases and the quantitative studies on the 
injected lung specimens of cases 4 and 5 showed that 
muscle was present in smaller and more peripheral 
arteries than is normal (Fig. 3 and 4). 

Intimal proliferation was not seen. 

The mean external diameter of arteries ac- 
companying peripheral airways in both injected and 
uninjected tissue was within normal limits for age. 
Within each case there was no significant regional 
variation in intra-acinar arterial size. In all cases the 
number of intra-acinar arteries appeared normal on 
general microscopical examiriation. More precisely, 
the ratio of alveoli to arteries was normal in the injected 
tissue of cases 4 and 5, being 10-4 and 9:4, respectively. 


INTRAPULMONARY VEINS 

Like the arteries, the intrapulmonary veins seen in all 
the sections of lung tissue examined microscopically 
from all six cases showed an increase in wall thickness 
of both pre- and intra-acinar vessels. The intra-acinar 
veins had a thickened media and a well-defined 
external elastic lamina, and resembled arteries (Fig. 5). 
The media of the large preacinar veins consisted of 


thick continuous elastic fibres separated by an- 


increased amount of smooth muscle (Fig. 6). À thick 


Mean % arterial medial thickness 
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Fig.2  Uninjected lung tissue. Mean percentage arterial medial 
thickness related to external diameter (um), showing the increase 
in muscularity in four cases of total anomalous pulmonary venous 
return as compared with the normal at 5 hours and in older infants. 
Case 1 O—D) case 2 A—A; case 3 B BH; case 6  — 9; SET. 
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Fig.3 Injected lung tissue. Mean percentage arterial medial 
thickness related to external diameter ( ym) showing the increase in 
muscularity in cases 4 and 5 as compared with the normal at 3 days 
and in older children. 

Case 4 À—A; case 5 M—W; SET. 


adventitia was composed of densely arranged collagen 
fibres. 

Like the arteries, intimal proliferation was not found 
in the intra-acinar veins in any of the cases. By contrast, 
the preacinar intrapulmonary veins showed intimal 
proliferation in two cases, being found in both lower 
lobes of case 3, and in the right upper and lower lobe of 
case 5. 

Mean percentage vein wall thickness was 
significantly greater than normal in all cases, using 
uninjected tissue in five cases and injected tissue in case 
5 (Fig. 7). The normal tissue used for comparison 
included that of stillborn fetuses aged 36 and 38 weeks 
and full-term infants up to 6 hours of age. In normal 
infants mean percentage vein wall thickness does not 
change significantly after birth.? At 1 to 6 days (the age 
at which the children in the study group died) 
muscularity would certainly not be greater than in 
these controls. In the cases of total anomalous 
pulmonary venous return analysis of the tissue 
available showed no significant difference in vein wall 
muscularity: between different lobes or between 
different lungs of the same case. 

Accurate counts of the number of small 
intrapulmonary veins related to the.number of alveoli 
were possible only in the injected specimen of case 5, 
where the alveolar to vein ratio was normal at 4:1. The 
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Fig. 4 Photomicrograph of thick walled muscular alveolar wall arteries. (Original magnificanon x $40. ) 








Fig. 5 Photomicrograph of thick walled muscular small pulmonary veins which resemble arteries. (Original 
magnification * 367.) 
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Fig.6 Photomicrograph of a large preacinar pulmonary vein with a thickened media ( M) and adventitia (A) and 
intimal proliferation (IP). (Original magnification « 38). 


Fig.7 Mean percentage vein wall thickness in uninjected tissue, 
related to external diameter (jum), showing an increase in vein 
wall thickness in five cases of total anomalous pulmonary venous 
return as compared with the normal of similar age. 

Case 1 W—W; case 2 O—0O; case 3) —(); case4 $ —9 ; 
case 6 A—A; SEI. 
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Prenatal changes in total anomalous pulmonary venous return 


right upper lobe venogram in case 5 showed a normal 
lumen diameter of 1 to 1:8 mm in the veins situated 
midway between the hilum and pleural surface. 


PULMONARY VEIN-BRONCHIAI. VEIN 
ANASTOMOSES 

Connections between dilated thick walled pulmonary 
veins and thin walled bronchial veins were identified 
more readily than in the normal lung in both uninjected 
and injected tissue. In addition, injecting the 
pulmonary veins filled enlarged bronchial veins with 
injection material more frequently than is normal (Fig. 
8). 


EXTRAPULMONARY VEINS 

In the normal fixed specimen the lumen diameter of the 
undistended pulmonary veins during the first week of 
life is 2 to 3 mm. Histologically, the wall has a thin 
media and an adventitia containing a layer of 
myocardial fibres (Fig. 9a). In the five cases of total 
anomalous pulmonary venous return in which the 
extrapulmonary veins were examined the veins varied 
in size within and between cases, were generally 
smaller than normal, and only in case 5 were all the 
veins at least 2 mm in diameter (Fig. 1). 
Macroscopically, the wall was abnormally thick in the 
veins of cases 2, 3, and 6. Microscopically, the thick 
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extrapulmonary veins in these three cases and in case 5 
showed similar structural features (Fig. 9b). Within 
the wall three or four thick continuous elastic fibres 
separated by muscle cells could be distinguished and 
this layer resembled the media of a normal 
extrapulmonary vein. Occasionally, this layer was 
immediately beneath the intima, but more commonly it 
lay beneath several layers of elastic fibres with 
interspersed muscle cells and collagen (Fig. 9b). 
Because the adventitia contained long, thick elastic 
fibres, the walls of all the extrapulmonary veins 
examined contained 12 to 20 layers of elastic fibres. In 
cases 2, 3, and 6 the extrapulmonary veins contained 
eccentric areas of amorphous intimal tissue (Fig. 9b). 
No myocardial muscle fibres were seen in any of the 
extrapulmonary veins. 


DESCENDING VERTICAL VEIN 

In four of the five children with infradiaphragmatic 
total anomalous pulmonary venous return, the 
descending vertical vein was patent throughout except 
in case 6 when it was occluded for a distance of 4 mm 
immediately proximal to its connection with the portal 
system. In all except case 1, the descending vertical 
vein had a diameter of 3 to 3:5 mm throughout all or 
most of its length. In case | it measured only | to 2 mm 
in diameter. The microscopical features were similar in 





Fig.8 Photomicrograph of injected lung tissue m case 4. Injection of the pulmonary veins ( PV) filled the bronchial 
veins (BV). BA, bronchial artery. (Original magnification x 38. ) 
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Fig.9 (a) Photomicrograph of the wall of an extrapulmonary vein from a normal lung at the age of 3 days. Muscle 
laver (M ) is thin. Myocardial fibres (Myo) are present in the adventitia (A). (Original magnification x 38.) (b) 
Photomicrograph of the left lower lobe pulmonary vein in case 3. Internal elastic lamina (IL) demarcates the muscle 
layer (M) from the intimal proliferation (IP). The adventitia (A) is abnormally thick and dense and contains much 


elastin. (Original magnification x 38.) 
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all three specimens examined histologically. Beneath 
the endothelium lay a thin layer composed of three to 
four long unfragmented elastic fibres interspersed with 
smooth muscle cells. A thick adventitia was composed 
of dense collagen, and long continuous elastic fibres 
were concentrated in the outer half of the wall. No 
myocardial fibres were present. In case 2 a serial 
reconstruction showed that as the vein approached the 
diaphragm the wall became thicker, and small 
eccentric unobtrusive mounds of intimal tissue 
projected into the lumen. In case 6 these changes were 
more pronounced until the descending vertical vein 
became occluded with collagen fibres (Fig. 10). 

In all four children who had undergone a surgical 
repair the anastomosis between the left atrium and 
common pulmonary vein was wide and measured 7 to 8 
mm in diameter in the fixed specimen. 


Summary of pathological findings 

Of the five patients with infradiaphragmatic total 
anomalous pulmonary venous return, the descending 
vertical vein was patent in four, the extrapulmonary 
veins were generally smaller than normal in all, and the 
vein wall was abnormally thick and showed intimal 
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proliferation in three cases. In the one case of total 
anomalous pulmonary venous return to the right 
atrium the extrapulmonary veins were normal in size 
and thickness, though the histological features were 
similar to those in cases of the infradiaphragmatic type 
of drainage. The extrapulmonary veins were composed 
of an increased amount of collagen and elasun, without 
myocardial fibres in the adventitia. 

Pulmonary arterial medial thickness was increased, 
and muscle was present in smaller more peripheral 
arteries than is normal for age. The intra-acinar arteries 
were normal in size and appeared to be normal in 
number. In all cases the mean percentage vein wall 
thickness was increased in pre- and intra-acinar veins. 
Intimal proliferation occurred in the large pre-acinar 
veins of two of the six cases, though in no case was it 
present in all parts of the lung examined. The number 
of intra-acinar veins appeared normal. Anastomoses 
between small pulmonary and bronchial veins present 
in the normal lung were prominent in uninjected 
material, and in the one injected specimen the 
pulmonary veins frequently filled the bronchial veins 
also. Within the group of six cases, there was no 
relation between the amount of pulmonary arterial or 
venous muscularity and age. 


— —ÁÀ 
4 , 


Fig. 10 Photomicrograph of a descending vertical vein occluded by fibrous tissue just above the diaphragm. 


(Original magnification X 38.) 
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Discussion 


In six pauents dying with obstructed total anomalous 
pulmonary venous return during the first six days of 
life, an increase in the muscularity of the 
intrapulmonary arteries and veins indicates that 
obstruction to pulmonary venous outflow was present 
before birth. The deposition of increased amounts of 
smooth muscle, elastin, and collagen in both extra- and 
intrapulmonary veins, and the narrowing or even 


occlusion of the descending vertical vein by collagen . 


rather than by amorphous acellular material suggest 
that obstruction to pulmonary venous return had been 
present for a considerable time before birth. Patients 
with the infradiaphragmatic type of total anomalous 
pulmonary venous return are usually considered to 
have obstruction to pulmonary venous return because 
of the length and relatively small cross-sectional area of 
the anomalous venous pathway and the resistance to 
blood flow through the hepatic sinusoids when the 
ductus venosus is closed. In the present study, the size 
of the descending vertical vein appeared to obstruct 
flow in three of the five cases with infradiaphragmatic 
total anomalous pulmonary venous return. In the one 
patient in whom the pulmonary veins drained 
anomalously to the right atrium, an anatomical site of 
obstruction was not identified. The structural change 
within the lungs and the severity of the pulmonary 
hypertension were, however, as severe in all three 
patients without demonstrated anatomical obstruction 
as in those with obstruction. 

Despite partial or even total obstrüction to 
pulmonary venous drainage in all six cases the lungs 
continued to grow in utero and after birth sustained life 
for up to six days. It has been suggested that in the 
presence of pulmonary venous hypertension the 
anastomotic channels between pulmonary and 
bronchial veins present in the normal lung widen to 
allow blood to flow from the pulmonary veins to the 
pulmonary branches of the bronchial veins and thence 
into the azygos system and superior vena cava.!? !! In 
the arterial circulation, anastomioses between the 
pulmonary and systemic circulations occur more 
frequently in the newborn than in the older lung!? and 
the same may be true of the venous systems. In some 
patients there was a considerable variation in the lumen 
diameter of the extrapulmonary veins, but there was no 
significant regional variation in éither arterial or venous 
muscularity in the cases studied. Ferencz and 
Dammann” found arterial medial hypertrophy in both 
lungs in the presence of unilateral pulmonary venous 
obstruction. Possibly the wealth of venous anastomoses 
in the lung and the pleurohilar network of bronchial 
veins help to reduce the effect of regional differences in 
the severity of obstruction to: pulmonary venous 
outflow. The pronounced dilatation of the lymphatic 
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channels in all cases in the present series attests to the 
increased drainage of fluid from the lung by this route. 

In the present study intrapulmonary arterial and 
venous muscularity was increased. -Using the same 
techniques of quantitative morphometric analysis, a 
similar increase in muscularity has been found in a 
slightly older group of children dying with obstructed 
total anomalous pulmonary venous return during the 
first three months of life.$ The structural changes in the 
veins were more severe in the present study, 
particularly in the preacinar veins which were very 
thick walled and showed intimal proliferation in two 
cases. Most of the structural changes present in both 
arteries and veins were, however, potentially reversible 
in both series of cases. Newfeld et al.5 studied an older 
group of patients aged 5 days to 12 years (median 3 
months), and reported more advanced pulmonary 
vascular disease. In that series, 12 of the 13 children 
aged 1 month or less had arterial cellular intimal 
proliferation and four had occlusive intimal fibrosis, 
though these changes were not necessarily found in 
more than a few of the arteries examined. The present 
study indicates that children with total anomalous 
pulmonary venous return who present to the 
cardiologist during the first days of life may have been 
born with significant pulmonary vascular disease. 
These findings help to explain the sudden and 
unexplained increases in pulmonary arterial pressure 
and resistance which occur in some young infants 
immediately after repair of the anomaly.!4 The increase 
in muscularity probably encourages both arteries and 
veins to vasoconstrict in response to hypoxia and 
acidosis, making the lung extremely vulnerable despite 
the absence of severe occlusive intimal change in young 
infants. The administration of pulmonary vasodilator 
substances such as tolazoline!^ or dopamine has been 
found to lower the pulmonary vascular resistance on 
such occasions. l 

The type of pathological change found in the arterial 
walls of young infants with total anomalous pulmonary 
venous return is generally considered to be reversible. 
In addition, the intra-acinar arteries are generally 
normal in size and number. In practice, patients with 
total anomalous pulmonary venous return who 
undergo repair and survive have a normal pulmonary 
vascular resistance unless pulmonary venous 
obstruction is present for any reason. !6 

Several published follow-up studies on patients with 
total anomalous pulmonary venous return who had 
undergone a satisfactery surgical repair in early infancy 
include one or more patients who developed stenosis of 
at least one extrapulmonary vein.!2 17 18 The present 
study includes several instances of small thick walled 
extrapulmonary veins, sometimes showing intimal 
fibrosis. The lumen of the vessels was narrowed 
because the vessel was intrinsically small. There was no 
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instance of narrowing by external compression or by a 
localised stricture or a diaphragm. The normal 
pulmonary vein is thin walled and readily distensible. 
Abnormally thick walled, small veins may fail to grow 
normally as the cardiac output increases with growth, 
encouraging further intimal proliferation and fibrosis, 
to give an appearance similar to that described by 
Friedli et al.,'8 Katz et al. and Whight et al.!5 in their 
cases. Haemodynamic studies on a group of apparently 
healthy survivors suggested that relative narrowing of 
the pulmonary veins might occur frequently, but was 
usually “unimportant and non-progressive".! 
Pulmonary venous stenosis has occurred after repair 
of the total anomalous pulmonary venous return to the 
coronary sinus? !5 1? 20 and to the liver.! !5 17 Babies with 
infradiaphragmatic total anomalous pulmonary venous 
return may, however, be particularly disposed to 
develop pulmonary vein stenosis. In the majority of 


- these babies, pulmonary venous return is obstructed. 


Narrowing of the common pulmonary vein, as seen in 
three cases in the present series, may help explain the 
increased wall thickness of the extrapulmonary veins at 
birth in such children, predisposing them to further 
occlusive pulmonary venous change after repair. In two 
children with infradiaphragmatic total anomalous 
pulmonary venous return who developed postoperative 
pulmonary vein stenosis, patch angioplasty was 
successful initially, but the veins subsequently became 
restenosed.! It may perhaps be more difficult to achieve 
satisfactory permanent relief of pulmonary vein 
stenosis in patients with total anomalous pulmonary 
venous return because the whole vein is small, rather 
than there being a localised constriction. 

In a recent surgical series patients with the 
infradiaphragmatic type of total anomalous pulmonary 
venous return had a higher mortality, both early and 
late, than did those with other types of total anomalous 
pulmonary venous return.! The present study also 
suggests that this group of patients is particularly 
vulnerable. Five of the six consecutive specimens 
referred for study from children dying with obstructed 
total anomalous pulmonary venous return during the 
first week of life showed the infradiaphragmatic type of 
pulmonary venous return. Both the intrapulmonary 
vessels and extrapulmonary veins showed structural 
abnormalities likely to increase the operative risk and 
predispose such patients to the development of 
pulmonary vein stenosis after a technically successful 
surgical repair. 


The author wishes to thank the physicians, surgeons, 
and pathologists of the Brompton Hospital, Guy's 
Hospital, and the Hammersmith Hospital for 
permission to study their cases. 
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Computer analysis óf cardiac contractility variables 
obtained by M-mode echocardiography in normal 
newborns 


 RHOFSTETTER; AMAYR,G VON BERNUTH -- 
From Department of Paediatric Cardiology, RWTH Aachen, Federal Republic of Germany 


SUMMARY ‘There are few echocárdiographic studies which examine ventricular cavity and wall 
dimensions as well as ventricular function in normal newborn infants. We investigated the M-mode 
echocardiograms of 60 normal newborn infants aged 3 to 6 days using computer analysis. Using the 
same method, we examined in addition left ventricular cavity dimensions and contractility variables of 
15 healthy newborn infants sequentially düring the first hour of life. The left and right ventricular 
diameters, their systolic shortening fraction and maximal rate of change, as well as the thickness of the 
interventricular septum and the left ventricular posterior wall were found to be comparable to 


previously published values. In addition, we found that the left ventricular end-diastolic diameter and | 


the systolic shortening fraction of the left ventricular diameter increase significantly during the first 
hour of life. T'his increase is probably because of the postnatal increase in left ventricular volume and 


pressure work. 


M-mode echocardiography is useful for studying nor- 
mal and pathological cardiac anatomy in newborn 
infants. In addition, it provides information on the size 
and function of the left ventricle and, within limits, the 
right ventricle. In order to obtain normal values in 
newborns, we analysed the M-mode echocardiograms 
of 60 newborn infants without heart disease by com- 
‘puteg; as'first described-by. Gibson and Brown." - 
During fetal life, both cardiac ventricles function in 
parallel, the right ventricle pumping about two thirds 
and the left ventricle about one third of the combined 
cardiac output. After birth, both ventricles function in 
series; while the right ventricular output remains 
unchanged, the left ventricular output increases by 
about one third of its prenatal volume.?^^ In order to 
investigate the adaptation. of.the left ventricle to this 
higher volume load iminediately after birth, we exam- 
ined in addition left ventricular cavity dimensions and 


contractility variables in 15 healthy newborns sequen- ` 


tially during the first hour of postnatal life. 
Methods 


M-mode echocardiograms were obtained in 60 new- 
borns without heart disease according to a method 


Accepted for publication 12 August 1982 


described by Solinger et al? Twenty ‘nine of the 
newborns were female and 31 were male, their ages 
ranging from 3 to 7 days. The mean body weight was 
3206 g;the mean body length 49-4 cm. An unfocused 
5 MHz transducer with an active crystal diameter of 
6 mm was used. The echocardiograms were obtained in 
the usual manner while the newborns were lying 


. supine or in.slight left decubitus position. Recordings - 


were made at a paper speed of 100 mm per second. 

Echoes of the right and left ventricular cavity and of 
the interventricular septum were obtained at the level 
of the mitral valve. The. echoes of three to -four 
consecutive cardiac cycles were digitised using an x-y 
tablet with cursor and processed by computer* using a 
program especially developed for this purpose. For 
time reference the beginning of the corresponding 
QRS complexes of the electrocardiogram Was 
digitised. The computer provided plots of continuous 
right and left ventricular cavity dimensions as well as 
septal and left ventricular wall thickness. 


The following variables. were measured. or cal- 


culated, respectively: the end-diastolic diameter (D,) 
of the right and left ventricle at the beginning of the 
QRS- complex, the shortest end-systolic diameter 
(Damyof-the right and left ventricle,-the percentage. 


*Cardio 80 Fa, Kontron. 
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change of ventricular diameter in systole (SF) cal- 
culated according to the formula 


= x 100 (90, 


Oo 


and the normalised velocity of change of ventricular 
dimension VcF calculated according to the formula 


VcF = x per second (Fig. 1) (this latter variable 
is independent of ventricular size and thus allows 
comparison between ventricles of different sizes). The 
results are expressed as the maximal shortening 
velocity of the left and right ventricular diameter 
during systole (VCF,,;,) and the maximal velocity. of 
lengthening of the left and right ventricular diameter 
during diastole (VCF,,,,;). The thickness of the inter- 
ventricular septum (D, iv and the left ventricular 
posterior wall (D, pw) at the beginning of the QRS 
complex, the maximal thickness of the interventricular 
septum (D max ivs) and of the left ventricular posterior 
wall (Di pw), and the percentage of systolic thick- 
ening (AD (%)) of the interventricular septum and 
posterior left ventricular wall were also measured or 
calculated, respectively. The mean values of three to 
four consecutive cardiac cycles were taken as repre- 
sentative. The heart rate was calculated. from the 
simultaneously recorded electrocardiogram. 

Measurements and calculations were done only if the 
echoes were clearly identifiable and could be analysed 
continuously throughout the cardiac cycles. The left 
ventricular diameter and derived variables were ob- 
tained in all. 60 newborns. The left ventricular 
posterior wall could be analysed in 56, the interven- 
tricular septum in 43, and the right ventricle in 23 
newborns. 

In addition, 15 newborns were studied several times 
during the first hour of life after normal delivery. Left 
ventricular echocardiograms were obtained in con- 
secutive intervals of 10 minutes, beginning at 10 
minutes and ending 60 minutes after birth. The 
echocardiograms were recorded and analysed as de- 
scribed above. 

For statistical analysis a one factor randomised block 
design for the variables D,, Dmin, SE, VCFmin, and 
VcFmax Was done.5 The global significance level was 
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Fig. 1 Upper panel: left ventricular diameter (LVD) 
during one cardiac cycle. Lower panel: unsmoothed curve of 
normalised velocity of change of left ventricular diameter 
(Vcr) during the same cardiac cycle as shown in the upper 
panel. 


assumed to be 5%. For testing the time differences a 
simultaneous test procedure as described by Gabriel 
was done. For the variable SF'a trend analysis was 
performed.’ 


Results 


The results for both ventricles are summarised in 
Table 1, and those for the interventricular septum and 
left ventricular posterior wall in Table 2. 

The left ventricle has an end-diastolic diameter of 
15:7x2:1 mm (mean+SD) and a systolic diameter of 
10-3*2:1 mm. The percentage change of left ventricu- 
lar diameter in systole is 34:3:-8:296. The maximal 
velocity of shortening (VCFmin) and lengthening 


Table 1 M-mode echocardiographic variables of right and left ventricle in 60 newborns 3 to 7 days of age 


D,+SD D nin SD 
(mm) (mm 
Right ventricle 10-0+1°8 77416 
n=23 
Left ventricle 15:742°1 10-3221 
n=60 . 


VCF min S (ESD) = VeFmgfs (SD) 


SFXSD 

(%) 

22°449°6 —4:07:t2-25 4332-09 
34-4-8:2 —464:1:49 6:28:t3:13 


Computer analysis of M-mode echocardiograms in normal newborns 


Table 2 M-mode echocardiographic variables of 
interventricular septum and left ventricular posterior wall in 60 
newborns 3 to 7 days of age 





D,+SD D,,*5D AD+SD 
(mm) (mm) (9) 
Interventricular septum 4:5*1:3 61t1-4 39:8+ 17:2 
n=43 
Left ventricular 3°1+0°7 $:2*0:9 73i:8*44:6 
posterior wall 
n- 56 





(VCFmax) of the left ventricular diameter is 4:644 1:49 
and 6°28+3°13 per second, respectively. The end- 
diastolic diameter of the right ventricle measures 
10:0* 1:8 mm, the end-systolic diameter 7°7+1°6 mm. 
The percentage change of right ventricular diameter is 
22:4*9:6 (%). VCFmin and VCFmax of the right 
ventricle are 4°07+2°25 and 4°3+2°09 per second, 
respectively. The interventricular septum has a mean 
end-diastolic thickness of 4:5 1:3 mm and a maximal 
systolic thickness of 6:13-1:35 mm. The percentage 
systolic increase in thickness of the interventricular 
septum amounts to 39:8 17:296. 

End-diastolic and maximal systolic thickness of the 
left ventricular posterior wall are 3:10:7 mm and 
5:20:85 mm, respectively. The percentage systolic 
increase in posterior wall thickness is 73:8 44:694. 

Large variance prevented us from calculating the 
velocity of change in thickness of the interventricular 
septum and left ventricular posterior wall. 

The results of the study of 15 normal newborns 
during the first hour of life are shown in Table 3. 
During the first hour of life the left ventricular end- 
diastolic diameter (D,) increased significantly from 
15:5* 3:2 mm 10 minutes after birth to 17°1+3-1 mm 
60 minutes after birth (p<0-01); in contrast, the end- 
systolic diameter remained unchanged at 11:042:7 
and 11:1—-2:4 mm, respectively. Accordingly, the 
percentage change of left ventricular diameter in 
systole (SF) increased from 29:24 7:495 10 minutes 
after birth to 35:6-5:296 60 minutes after birth 
(p« 0:005) in a linear fashion. VCFmin showed a slight 
but not significant increase from 4:29 1:2 per second 
10 minutes after birth to 4:93 1:0 per second 60 
minutes after birth (0-1>p>0-05) (Fig. 2). VCFmax 
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SF 
p<0 005 


(%) 





10 20 30 40 50 60 
Min p part 


Fig. 2 Percentage change of left ventricular diameter in 
systole (SF) (upper panel) and maximal shortening velocity of 
the left ventricular diameter during systole (VCF min) (lower 
panel) during the first hour of life in 15 normal newborns. The 
difference between the values at 10 and 60 minutes of life 

for SF is statistically significant (p<0°005) while for VCE min 
it is not significant (0 1>p>0:05). 


increased but not significantly from 5°6+2°1 at 10 
minutes to 6:4 2:0 per second 60 minutes after birth. 
The heart rate remained stable at 1617-13 and 15815 
beats per minute, respectively. 


Discussion 


There are few echocardiographic studies systemati- 
cally examining ventricular function and dynamics in 
normal newborn infants. Sahn et a/.* found a signifi- 
cant increase in mean VCF, a variable comparable to 
SF, during the first hour of life in seven newborn 


Table 3 M-mode echocardiographic variables of left ventricle in 15 newborns 10, 20, 30, 40, 50, and 60 minutes of age 


Mmutes D, D min SF 

after birth (mm) (mm) (96) 

10 15:5*3:2 11:0*2:7 29:2*7 
20 16:6*-2:4 11:7421 30:336: 
30 16:9*2:6 11-7+2°5 30:96 
40 1773-2: 11:8*2:6 33:1 t7: 
50 16:7 *3:0 11:1*2:5 34-2t5: 
60 17-1+3°1 11-1+2-4 35-6+5- 


t206 20 OD 


Vcr uu $ VCF maxs HRimin 
43412 56421 16113 
43*1:2 5:6423 155411 
4441-0 5-6419 160+13 
4441-3 5:5424 155-10 
47*11 61x3:1 155-14 
4941-0 6422°0. 158-15 





— 
‘+ 
— 
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infants after caesarian section. St John Sutton et al.’ 
investigated cardiac function in the normal newborn 
using computer analysis; the results of the variables 
studied both in their work and in this study are 
comparable. Lange et al., comparing left and right 
ventricular diameters before and after birth, found a 
decrease in the right ventricular diameter after birth 
while the left ventricular diameter remained un- 
changed. 

Comparing the data of normal newborns with those 
from three to seven days after birth, we found that the 
left ventricular end-diastolic diameter increased from 
10 minutes to 60 minutes after birth but, at the age of 3 
to 7 days, it equalled the former value. The percentage 
change of left ventricular diameter in systole (SF) also 
increased from 10 minutes to 60 minutes after birth but 
was found unchanged at 3 to 7 days after birth. 

The change during the first hour of life may be the 
result of the postnatal increase in left ventricular 
volume work. During fetal life right and left ventricles 
function in parallel. In the fetal lamb the left ventricle 
pumps 150 ml/kg per min and the right ventricle 200 
ml/kg per min, respectively. After birth, both ventri- 
cles pump in series 200 ml/kg per min. This implies an 
increase in left ventricular output of 3396.* At the same 
time, the left ventricular systolic pressure increases 
from 60 mmHg before to 75 mmHg after birth. This 
increase in systolic pressure is most probably the result 
of closure of the low resistance placental circulation.? 
Gessner et al.” studied the left and right ventricular 
output in the first two hours of life using the indicator 
dilution technique. They found a higher left than right 
ventricular output caused by ductal left to right shunt 
at this age. Emmanouilides et al.” also found a left to 
right ductal shunt with higher left than right ventricu- 
lar outputs in the first hours of life. Thirteen to 15 
hours postnatal they found the ductus arteriosus 
functionally closed in all newborns." 

The fact that the left ventricular end-diastolic dia- 
meter (D,) increases in the first hour of life, but that at 
the age of 3 to 7 days it is equal to the value at 10 
minutes of age may reflect adaptation of the left 
ventricle to increased work using the Frank-Starling 
mechanism. 


Hofstetter, Mayr, von Bernuth 


We conclude that left ventricular contractility in 
normal newborns increases during the first hour of life 
and, at 1 hour of life, it is identical to that of older 
newborns, infants, and children.? * . 
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Clinical, echocardiographic, and operative findings 
in active infective endocarditis 


T H PRINGLE, S W WEBB, M M KHAN, HOJ O’KANE, J CLELAND, AA J ADGEY 


From Regional Medical and Surgical Cardiology Centres, Royal Victoria Hospital, Grosvenor Road, Belfast, 
N Ireland 


SUMMARY Clinical and echocardiographic findings were compared with those found at operation in 
18 consecutive patients with active endocarditis undergoing valve replacement for continuing left 
ventricular failure. A close correlation was shown between vegetations detected by echocardiography 
and those found at operation. In 10 of 11 patients with clinically suspected severe aortic regurgitation 
and vegetations only on the aortic valve and in two of three patients with severe mitral regurgitation 
echocardiography provided confirmation of the clinical diagnosis. In the three patients with clinically 
suspected aortic and mitral regurgitation, however, cardiac catheterisation was necessary to confirm 
the severity of the valvular regurgitation. In a further three patients cardiac catheterisation was carried 
out as the severity of the single valve lesion was difficult to assess or there were associated problems, 
that is chest pain with myocardial infarction and a sinus of Valsalva aneurysm. Four patients had 
either an abscess, annular infection, a sinus, or a ventricular septal defect at the time of operation, 
which were not detected by echocardiography. Nevertheless, because of their size it would be 
doubtful if these would have been identified by cardiac catheterisation. Echocardiography allowed 
repeated assessment of the patient so that the optimal time for operation could be determined without 
the risks of left heart catheterisation. Fourteen of the 18 patients (7896) survived to leave hospital. The 
follow-up extended to 44 months. During this time reinfection, prosthetic dehiscence, or paravalvular 
leaks did not occur. Thus, in the majority of patients with left sided active infective endocarditis and 
continuing left ventricular failure resulting from severe valvular disease the clinical findings together 
with echocardiography provide a satisfactory preoperative assessment. 


In patients who develop haemodynamic complications 
of endocarditis, early surgical intervention is increas- 
ingly used. Aortic or mitral valve endocarditis 
complicated by moderate to severe heart failure has a 
poor prognosis when treated by medical therapy 
alone.’ * It has been suggested that in these patients 
with moderate to severe heart failure there is a 50 to 
89% mortality without operation.* Valve replacement 
in the presence of active infection can now be carried 
out with an acceptable mortality, and in addition the 
risk of recurrent infection or valve dysfunction is low.* 
Confirmation of the haemodynamic status and valvular 
lesions by cardiac catheterisation is theoretically desir- 
able but should carry an increased risk of systemic 
embolisation considering the natural history of the 
disease. Echocardiography is a useful non-invasive 
means of identifying valvular vegetations but both M- 
mode and two dimensional echocardiography have a 
limited sensitivity in the detection of vegetations. It has 
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been suggested that the smallest vegetations detected 
by M-mode echocardiography are 2 mm in diameter.’ * 
The larger vegetations which often result in valvular 
destruction and regurgitation are recognised by 
echocardiography and it is in these patients that 
operation is frequently necessary. *’ Though it is 
desirable to eradicate the infection before correction of 
the valve lesion, when uncontrolled heart failure 
develops during the course of antibiotic treatment, 
surgical correction of the valvular defect is urgent. In 
this study we compared the clinical and echocardio- 
graphic findings with those found at operation in 
patients with active endocarditis undergoing valve 
replacement because of continuing left ventricular 
failure despite digitalis and diuretics. 


Patients and methods 
Eighteen consecutive patients with active infective 


endocarditis were studied from 1978 to 1981. There 
were 13 male and five female cases (13 to 65, mean 45 


3549 


3H 
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years). Twelve had class 4 clinical degree of heart 
failure (New York Heart Association classification). 
and six were in class 3. On clinical assessment, 11 
patients had aortic regurgitation, one had aortic 
stenosis, three had mitral regurgitation, and three had 
aortic and mitral regurgitation. All patients therefore 
had left sided endocarditis and in all this was the first 
episode of endocarditis. Active infective endocarditis 
was diagnosed by varying manifestations, for example 
fever, changing cardiac murmurs, splenomegaly, 
. haematuria, peripheral embolisation, and petechiae, 
and by laboratory evidence, including a high erythro- 
cyte sedimentation rate, anaemia, positive blood 
cultures, and histopathology. In 12 patients the causa- 
tive organism was isolated preoperatively and in six 
patients no organisms were cultured (Table 1). 


Seven of the 18 patients were known to have had 
heart murmurs before the development of endocar- 
ditis. One patient was a chronic alcoholic and in one 
patient cardiac surgery was possibly a predisposing 
factor. No patient suffered from neoplasia or drug 
addiction. At the time of presentation six patients had 
had systemic emboli, involving either the cerebral or 
peripheral arteries, four had heart block (three with 
' first degree atrioventricular block and one with com- 
plete heart block not resulting from digoxin), and two 
patients had had several episodes of severe central 
chest pain, one of whom had had an acute lateral 
Anfarction. 
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M-mode echocardiography was carried out in all 18 
patients using a Smith Kline instruments Ekoline 20 A 
system with standard left parasternal views. Immedi- 
ately after the M-mode echocardiogram, two dimen- 
sional echocardiography was performed in 16 patients 
with a Varian phased array ultrasonograph model V— 
3000. Long and short axis left parasternal views and 
four chamber apical or subcostal views were obtained 
in all 16 patients. Àn attempt was made to visualise all 
four valves in each patient. Images were recorded on a 
Sony video tape recorder for subsequent play back and 
single frame analysis. Satisfactory echocardiograms 
were obtained in all 18 patients. Valvular vegetations 
were detected by M-mode echocardiography as shaggy 
irregular echoes attached to a valve which had 
unrestricted leaflet excursion (Fig. 1). On two dimen- 
sional echocardiography rapidly vibrating echo dense 
masses attached to valve leaflets were interpreted as 
vegetations (Fig. 2, 3, 4, and 5). Chamber size and 
timing of events could be assessed by M-mode 
echocardiography whereas spatial relation and actual 
size and morphology of structures were determined by 
two dimensional echocardiography. Rupture or per- 
foration of an aortic cusp or prolapsing vegetations 
were suggested by left ventricular outflow tract echoes 
recorded in diastole and rapidly vibrating diastolic 
aortic cusp echoes on M-mode echocardiography (Fig. 
6). The early closure of a mitral valve was indicated 
when coaptation of the anterior and posterior leaflets of 


Table 1 Clinical, echocardiographic, and surgical findings in 18 patients with active infective endocarditis 
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Case AgelSex Clinical Organism Echo Operative Operative Survived or 
No. (y) findings findings findings procedure 
l 60/F AR E.coli AVV,LVOT,EC AVV,LVOT(PVC) AVR S 
2 45/M AR Strep. viridans AVV,LVOT,EC AVV,LVOT(PVC) AVR S 
3 27M AR Staph coag* AVV,LVOT,EC AVV,LVOT(PVC), sinus AVR, closure of D 
to mitral valve sinus 
4 39/M AR Staph coag* AVV,LVOT AVV,LVOT(PVO), abscess AVR, abscess S 
in aortic wall debrided 
5. 26/F MR Culture neg MVV,FML MVV,CR MVR S 
6 60/M AR Strep. D AVV,LVOT AVV,LVOT(PVC) AVR S 
7 SAM AR,MR  Sirep.oiridans AVV,LVOT A — (PVC), healed AVR,MV repair S 
8 37/M AR — coag* No vegetations AVV,MVV AVR S 
9 63M AR,MR Culture neg AVV,LVO AVV AVR S 
10 59/F AR Culture neg AVV,LVOT,EC AVV,LVOT(PVC) AVR S 
ll 44/F AR,MR  Strep.C AVV,MVV,FML AVV,MVV,CR AVR,MVR S 
12 55/M MR Strep.viridans MVV,FML MVV,CR MVR S 
13 54/F MR Staph coag” No vegetations MVV MVR D 
14 27M AR Staph coag* AVV,LVOT AVV,LVOT(PVO) AVR S 
15 13/M AS Culture neg AVV, sinus of AVV,AMI, sinus of AVR,SVG to Cx D 
Valsalva aneurysm Valsalva aneurysm 
16 49/M AR Culture neg AVV,LVOT,EC A Ee hee a ring AVR D 
ection 
17 34/M AR Strep.viridans AVV,LVOT,EC AVV,LVOT(PVC), VSD EE of S 
18 65/M AR Culture neg (psittacosis AVV,LVOT AVV,LVOT(PVC) AVR S 





AR, aortic regurgitation; MR, mitral regurgitation; AS, aortic stenosis; AVV, aortic valvular vegetations; LVOT, left ventricular outflow tract 


echoes; EC, early closure of the mitral valve; MVV 


, mitral valve vegetations; FML, flail mitral! 


et; LVOT(PVC), left ventricular outflow tract 


(prolapsing vegetation and/or cusp); CR, chordal rupture; AMI, acute myocardial infarction; VSD, ventricular septal defect; AVR, aortic valve 
replacement; MVR, mitral valve replacement; SVG, saphenous vein graft; Cx, circumflex. 
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Fig. 3 


Fig. 1 M-mode echocardiogram of case 11 showing 
vegetations (arrow) on the aortic valve in diastole. The echoes 
(arrow) in the left atrium represent vegetations on the mitral 
valve prolapsing into the left atrium during systole. AO, aorta, 
LA, left atrum. 


Fig. 2 Two dimensional echocardiogram of case 2 in th 
left parasternal long axis view showing a globular vegetation 
on the non-coronary cusp of the aortic valve (open arrow 
The right coronary cusp with a vegetation attached 1s seen 
prolapsing into the left ventricular outflow tract (tongue-like 
structure). LV, left ventricle; AO, aorta; AML, anterior 
mitral leaflet; LA, left atrium 


Fig. 3 Two dimensional echocardiogram of case 15 in the 
left parasternal long axis view with a globular vegetation 

on the aortic valve (open arrow). Antenor to the aortic valve is 
an echo-free cavity (closed arrow) which was found at 

surgery to be a sinus of Valsalva aneurysm. LV, left ventricle, 
AO, aorta; AML, anterior mitral leaflet; LA, left atrium. 
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Fig. 4 Two dimensional echocardiogram of case 12 in the 
anterior mitral leaflet (open arrow). LV, left ventricle; LA, 
left atnum; RV, night ventricle; RA, nght atrium; AML, 
anterior mitral leaflet. 


the mitral valve occurred before the onset of the QRS 
segment in the absence of prolongation of the PR 
interval (Fig. 6). This indicated significant aortic 
regurgitation with a rise in the left ventricular end- 
diastolic pressure. Mitral valve chordal rupture was 
present when there was coarse irregular fluttering of 
either mitral valve leaflet with paradoxical motion of 
the posterior leaflet and abnormal left atrial echoes 
(Fig. 7). The average time from the last echo to 
operation was 15 days (12 patients within seven days). 

All patients before operation were receiving appro- 
priate antibiotics. The average time from the onset of 
symptoms to the start of antibiotic treatment was seven 
weeks and the mean duration of antibiotic treatment at 
the ume of operation was 36 days. One patient had 
received antibiotics for only 48 hours at the time of 
operation; these were given in an attempt to sterilise 
the circulation before essential valve replacement. At 
the time of operation blood cultures in all patients 
except one were negative, but two patients had persis- 
tent pyrexia. 

lhe presence of vegetations alone on echocardi- 
ography was not an indication per se for operation. 


Two dimensional echocardiogram of case 11 in the 


Fig. 5 
left parasternal long axis view with a globular vegetation on 
the mitral valve prolapsing into the left atrium (open 


arrow). The vegetation on the aortic valve is not well 
visualised in this view. LV, left ventricle; AO, aorta; 
AML, anterior mitral leaflet; LA, left atrium 


Surgical intervention was indicated when patients with 
severe aortic stenosis or with new or worsening 
regurgitant murmurs developed left ventricular failure 
as diagnosed clinically and by chest 
x-ray film which did not respond satisfactorily to 
diuretics and inotropic therapy. Only six patients 
underwent cardiac catheterisation before operation. In 
cases 6 and 13 (mitral Starr-Edwards prosthesis) it was 
carried out as it was difficult clinically to determine the 
severity of the lesion. In cases 7, 9, and 11 cardiac 
catheterisauon was carried out because of clinically 
suspected double valve lesions. In all three patients 
mitral and aortic regurgitation were  haemo- 
dynamically significant. In case 15 it was carried out 
because of severe aortic stenosis, continuing chest pain 
in the presence of a lateral myocardial infarction, and 
an echocardiogram suggesting a sinus of Valsalva 
aneurysm. At the time of catheterisation this patient 
was found to have severe aortic stenosis with a sinus of 
Valsalva aneurvsm which stretched the mouth of the 
left coronary artery and constricted the lumen. 
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Fig. 6 M-mode echocardiogram of case 2 showing a scan from the aortic root to the left ventricle. There is 
a vegetation attached to the aortic valve which prolapses into the left ventricular outflow tract (arrows). The 
mitral valve closure is premature which indicates a raised left ventricular end-diastolic pressure secondary to 
aortic regurgitation. AML, anterior mitral leaflet; PML, posterior mitral leaflet; LVOT , left ventricular 
outflow tract; AO, aorta; LA, left atrium. 
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Fig. 7 M-mode echocardiogram of case 12 with a vegetation attached to the posterior mitral leaflet 
(arrow) which is flail. AML, anterior mitral leaflet; PML, posterior mitral leaflet; IVS, interventricular 


septum. 
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Results 


Echocardiography detected valvular vegetations be- 
fore operation solely on the aortic valve in 13 patients, 
on the mitral valve only in two patients, and one patient 
had both aortic and mitral valve vegetations (Table 1). 
Two patients (cases 8 and 13) had no vegetations on 
echocardiography. Case 13 had a mitral Starr- 
Edward’s prosthesis. Intially case 15 with aortic 
stenosis had no vegetations on the aortic valve as seen 
by echo (Fig. 8). He then developed severe chest pain 
and left ventricular failure. A second study nine days 
later showed aortic valvular vegetations and a sinus of 
Valsalva aneurysm (Fig. 3 and 8). Though cases 13 and 
16 did not have two dimensional studies performed, no 
patient had a negative M-mode echocardiogram with 
valvular vegetations seen on two dimensional study. 
Twelve of the 13 patients with aortic valve vegetations 
alone had evidence of valve destruction as indicated by 
left ventricular outflow tract echoes and in six of these 
there was early mitral valve closure. Cases 5, 11, and 12 
with vegetations by echocardiography on the mitral 
valve had flail mitral leaflets, but case 11 with double 
mitral and aortic lesions had vigorous aortic root 
motion suggesting severe mitral regurgitation. 
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Operation confirmed aortic vegetations in all 13 
patients with vegetations only on the aortic valve 
detected by echocardiography. All underwent aortic 
valve replacement and one patient (case 7) also had a 
mitral valve repair. Two patients with mitral valve 
vegetations alone by echocardiography had these con- 
firmed at operation and both underwent mitral valve 
replacement and the one patient with aortic and mitral 
vegetations confirmed at operation had aortic and 
mitral valve replacements. Two patients without 
vegetations recorded by echocardiography had these at 
operation. In one patient (case 8) the aortic valve was 
grossly disrupted at the time of operation with a 
vegetation found on the undersurface and there was 
also a small vegetation on an otherwise competent 
mitral valve. Case 13 had vegetations on a mitral Starr- 
Edwards prosthesis. In addition, case 7 had a 
vegetation on the mitral valve not seen by echocardio- 
gram before operation. 

Four patients had unexpected findings at operation 
and none had undergone cardiac catheterisation. One 
(case 3) had a sinus extending from the base of an aortic 
cusp to the mitral valve ring, one (case 4) had an 
abscess underneath the non-coronary cusp of the aortic 
valve, another (case 16) had infection within the aortic 





(small arrow) and an echo-free space has occurred in front of the aortic root (large arrow). AO, aorta; LA, 
left atrium. 
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valve ring, and a further patient (case 17) had an 
aneurysm of the membranous septum with à small 
ventricular septal defect. 

Table 2 relates the valvular lesions to the echo- 
cardiographic findings and to those found at operation. 
While a close correlation is shown, between the 
echocardiographic and surgical findings it confirms 
that at operation four valves had vegetations not seen 
by echocardiography. In addition, in four patients 


presenting with aortic regurgitation alone a sinus, 


annular erosion, abscess, and a ventricular septal 
defect not detected by echocardiography were found at 
operation. 

Of the 15 aortic valves replaced, 11 were bicuspid 
and four were tricuspid. Because of severe damage to 
the four tricuspid valves it was impossible to ascertain 
the most likely cause of the underlying disease. Of the 
four mitral valves replaced, one was rheumatic, one 
was floppy, one was a Starr-Edwards prosthesis, and 
one had beeri normal before endocarditis. Of the three 
mitral valves found to be abnormal at the time of 


` operation, and which were not replaced, one had 


chordal rupture associated with a healed vegetation 
and valvuloplasty was carried out, one patient had a 
dilated mitral valve ring, and a further patient had a 
vegetation attached to the mitral valve. Histology of all 
valves removed confirmed active infection. Of the 19 
valves removed, 12 were replaced by a Carpentier- 
Edwards prosthesis, four by a Bjórk-Shiley, and three 
by a St. Jude’s. 

Apart from case 15 who died during the operation 


from left ventricular dysfunction and acute myocardial - 


infarction, all patients were haemodynamically stable 
immediately after operation. There were three deaths 
later during their hospital stay. Case 3 died on the ninth 
day postoperatively from multiple abscesses, case 13 
died on the first day from asystole, and case 16 died on 
the fifteenth day from hepatic and renal failure. This 
patient had been a chronic alcoholic. During the period 
in hospital there was no evidence of continuing infec- 
tion, and prosthetic dehiscence, paravalvular leaks, 
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and heart block did not occur in the remaining 


. patients. The average course of antibiotics postopera- 


tively was three to six weeks. Follow-up ranged from 
three to 44 months (mean 22 months). During this 
time, there was no evidence of reinfection of any of the 
replaced valves, nor was there any regurgitation. 


Discussion 


Although antibiotics have substantially changed the 
course of the disease in many patients, infective 
endocarditis still carries a significant mortality mainly 
because of valvular destruction which results in myo- 
cardial failure.” At present, the leading cause of death 
from infective endocarditis is congestive heart failure 
developing from acute aortic regurgitation. Since valve 
replacement was first described in this condition in 
1965? it is increasingly performed even in the presence 
of active infection. Often these patients have deterio- 
rated acutely and clinical assessment of the exact 
valvular lesion can be difficult because of low cardiac 
output and hypotension. 

Although echocardiography is a valuable non- 
invasive means for the diagnosis of valvular vegetations 
in patients with endocarditis it has been reported that 
vegetations are detected in 3496 to 7896 of cases, 
depending on the size of the vegetations.? * Large 
valvular vegetations detected by echocardiography are 
usually associated with a high incidence of heart failure 
or emboli, which are the most frequent indications for 


- operation. Though in patients with large vegetations it 


has been considered that operation is inevitable as 
these patient$ have a high morbidity and mortality, 
successful medical treatment has been reported in 
some. Vegetations causing valvular-destruction are, 
however, of large size, are diagnosed easily by 
echocardiography, and in many are associated with 
haemodynamic complications unresponsive to medical 
treatment. In this study a close correlation has been 
shown between valvular vegetations detected by 


Table 2 Echocardiographic and surgical findings related to the valvular lesions in 18 patients with active infective endocarditis ` 


Clinical Echocardiography 
No.of | AVV LVOT EC MVV FML Sinus of 
patients ` Valsalva 
aneurysm 
AR 11 10 10 6 0 0 0 
AS 1 I 0 0 0 0 l 
MR 3 0 0 0 2 2 Q 
AR,MR 3 3 2 0 I 1 0 


Surgical 
AVV Vegetation MVV Chordal Sinus or VSD Sinusof 
for cusp ruptureof abscess in Valsalva 
prolapsing mitral valve | aortic wall aneurysm 
into LVOT 
l1 10 l 0 3 l 0 
1 0 0 0 0 0 1 
0 0 3 à 0 0 0 
3 I 2 2 0 0 0 


AR, aortic regurgitation; AS, aortic stenosis; MR, mitral regurgitation; AVV, aortic valvular vegetations; LVOT, left ventricular outflow tract 
echoes; EC, early closure of the mitral valve; MVV, mitral valve vegetations; FML, flail mitral leaflet; VSD, ventricular septal defect. 
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echocardiography and those found at operation. As 
M-mode and two dimensional echocardiography com- 
plement each other, it is not surprising that both M- 
iode and two dimensional echocardiography were 
equally sensitive in the detection of vegetations in this 
particular subset of patients. Two patients without 
vegetations detected by echocardiography were subse- 
quently found to have vegetations at operation. Case 13 
was studied by M-mode echocardiography only and 
the vegetations on the mitral Starr-Edwards valve were 
not identified. The prosthetic valve is usually so echo 
producing in itself that it is difficult to identify any 
additional echoes from possible vegetations. Others 
have found two dimensional echocardiography more 
accurate in such cases. Echocardiography is also 
useful in assessing left ventricular function and pro- 
vides valuable information in those with hypotension 
and low cardiac output. Premature closure of the 
mitral valve in acute aortic regurgitation is usually an 
indication for early surgical replacement of the 
valve." Early closure of the mitral valve implies a 
severely volume overloaded left ventricle, and 1t is 
thought that when severe aortic regurgitation is of 
relatively short onset, this results in mitral pre- 
closure." ? Unfortunately, some patients with acute 
severe aortic regurgitation do not have this echo- 
cardiographic finding. 

Echocardiography provided support for the correct 
anatomical diagnosis in 10 of 11 patients with clinically 
suspected severe aortic regurgitation and vegetations 
only on the aortic valve and in two of three patients 
with severe mitral regurgitation alone. In the three 
patients with clinically suspected aortic and mitral 
regurgitation, however, only one patient had double 
valvular involvement by echocardiography and yet all 
three had significant mitral and aortic regurgitation by 
angiography. Here M-mode and two dimensional 
echocardiography detected the sinus of Valsalva an- 
eurysm. Nevertheless, abscesses, annular erosions, 
sinuses, and small ventricular septal defects are dif- 
ficult to detect by echocardiography. Of the four in this 
study, none was detected before operation. It would be 
doubtful if these would have been picked up by cardiac 
catheterisation. It has been reported that two dimen- 
sional echocardiography is more sensitive than M- 
. mode echocardiography in detecting complications of 
endocarditis.” ? It has been stated that aortic root 
infection should be suspected in the presence of 
atrioventricular block.” Of the four patients in this 
study with atrioventricular block, one had infection of 
the aortic valve ring, one had a ventricular septal 
defect, but in the remaining two there was no evidence 
of aortic root infection. Of the two patients with chest 
pain, one had a sinus of Valsalva aneurysm stretching 
the mouth of the left coronary artery and the other had 
a ventricular septal defect with intermittent atrio- 
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ventricular block. 
Wilson et al.” have found that replacement of 


‘cardiac valves. may be carried out successfully in 


patients with active infective endocarditis even when 
blood cultures are positive in the immediate pre- 
operative period. The haemodynamic status, however, 
is the most important factor in determining the timing 
of valve replacement. While the activity of the infec- 
tion or the duration of antimicrobial treatment before 
operation may be of little or no importance in the 
decision to insert a prosthesis, ideally attempts should 
be made to eradicate the infection before operation. 
Antibiotics should be administered until at least the 
circulation is sterilised but heart failure should not be 
irreversible. In our patients we feel that the timing was 
critical in determining long-term survival and echocar- 
diography allowed repeated investigation to determine 
the optimal time haemodynamically without the risks 
of left heart catheterisation.” 

Although Welton et al.^ have reported cathe- 
terisation in 35 patients during the active phase of 
endocarditis without embolic or haemodynamic deter- 
ioration, cardiac catheterisation must carry an 
increased risk during this phase as valvular vegetations 
are friable and systemic embolisation is part of the 
natural history of the disease. Frequently severe 
haemodynamic decompensation may increase the risk 
of complications during cardiac catheterisation. In 
these 18 patients one third had had systemic emboli at 
the time of presentation and others have reported a 
higher incidence.’ Our study indicates that cardiac 
catheterisation is unnecessary in many of these patients 
during the acute phase. It should be considered when 
the echocardiographic studies are not technically ade- 
quate, when double valvular lesions, coronary artery 
lesions and fistulae are suspected, and in the presence 
of prosthetic valve endocarditis. These criteria should 
identify those patients where the benefits obtained 
from cardiac catheterisation outweigh the increased 
risk of the procedure in infective endocarditis. 

In patients with left ventricular failure caused by 
severe valvular disease the clinical findings along with 
echocardiography provide a satisfactory means of 
preoperative evaluation. Though our series of 18 
patients is small and includes only patients with left 
sided endocarditis, our study indicates that echo- 
cardiography can provide valuable preoperative data 
when included with the total clinical assessment of the 
patient. This applies particularly to those cases where 
clinical and echocardiographic assessment suggest 
single valve involvement. 
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Preoperative echocardiographic diagnosis of anterior 
mitral valve leaflet fenestration associated with infective 


endocarditis 
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From the Division of Cardiology, The First Department of Medicine and the First Department of Surgery, 


Osaka University Medical School, Osaka, Japan 


SUMMARY Previously unreported echocardiographic findings are described of two cases with anterior 
mitral valve leaflet fenestration associated with infective endocarditis. M-mode echocardiograms 
demonstrated a periodic interruption in the echo tracing of the mitral valve ring area. Long axis real 
time two dimensional echocardiograms showed an echo defect in the body portion of the anterior mitral 
valve leaflet. Preoperative echocardiographic diagnosis was confirmed at surgery and echocardio- 
graphic findings correlated well with surgical findings. 


The usefulness of echocardiography in detecting 
vegetations and torn chordae of mitral valve leaflets is 
well known.!- We do not see, however, reports on the 
echocardiographic diagnosis of perforated mitral valve 
leaflets, which is also an important complication of 
infective endocarditis? In this communication we 
describe our recent experience of two cases with 
perforated anterior mitral valve leaflet complicated by 
infective endocarditis. 


Case 1 


A 31 year old woman was referred for assessment of 
valvular disease. This patient had suffered from 
infective endocarditis at the age of 17 and was diag- 
nosed as having mitral valve regurgitation three years 
later. Elective surgery was planned and echocardio- 
graphy and angiography were performed before that. 

M-mode echocardiograms showed a very dilated left 
atrium with an anteroposterior diameter of 64 mm and 
left ventricular end-systolic and end-diastolic 
diameters of 50 mm and 73 mm, respectively. Move- 
ments of both the ventricular septum and posterior left 
ventricular wall were increased. The echo from the 
body of the anterior mitral valve leaflet was interrupted 
in early diastole by a disappearance of the D—E slope of 
the echo tracing. 

A long axis real time two dimensional echocardio- 
gram showed an echo defect on the body portion of the 
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anterior mitral valve leaflet, indicated by an arrow on 
Fig. 1A. With a slight lateral rotation of the transducer 
the echo defect increased its size to 10 mm. A small 
flap-like echo was observed near this defect and it 
moved into the left atrium in systole and into the left 
ventricular outflow tract in diastole. 

A short axis real time two dimensional echocardio- 
gram at the level of the left ventricular outflow tract 
visualised an echo defect of 8 mm at the lateral portion 
of the body of the anterior mitral valve leaflet (arrow in 
Fig. 1B). At operation a round fenestration of 16x12 
mm in size was confirmed (Fig. 2). A pericardial patch 
was sutured and annuloplasty was performed. Post- 
operative long axis real time two dimensional echo- 
cardiograms no longer showed the echo defect, 
multiple layered echoes being recorded at the sutured 
portion of the defect instead. 


Case 2 


A 33 year old woman was known to have been a drug 
addict for years. After physical examination, combined 
aortic and mitral valve disease was suspected and the 
patient was referred for echocardiographic examin- 
ation. M-mode echocardiogram showed a wide band- 
like echo at the aortic valve recording position. A 
periodic interruption was observed in the echo tracing 
of the mitral valve ring area. Long axis real time two 
dimensional echocardiograms showed a huge mass 
echo which ejected into the aorta in systole and receded 
into the left ventricular outflow tract in diastole 
(Fig. 3 A and B). In systole a defect was observed in the 
echo from the body portion of the anterior mitral valve 
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Fig. ] 1) A long axis real time two dimensional 
echocardtogram in systole showing a fenestration in the anterior 
mural valve leaflet (arrow). Ao, aorta; LV, left venmcle; LA, left 
atrium. (B) A short axis real ime two dimensional 
echocardiogram in systole showing a fenestration in the anterior 
mitral valve leaflet (arrow). LVOT, left ventricular outflow tra 
AML, anterior mitral leaflet 





Fig. 2 The operanve finding of à 
fenestration in the anterior 
mural valve leaflet viewed from thi 


left atrum 








leaflet, but in diastole this defect was not recognisable 
because of the huge mass echo receding into the 
outflow tract. At operation a tear in the bodv of the 
anterior mitral valve leaflet resembling a fissure and a 
huge aortic valve vegetation were confirmed. 


Comment 


lo our knowledge no reports have been published on 
echocardiographic features of mitral valve perforation 
resulting from infective endocarditis. Our two recent 
cases indicate that echocardiography can make this 
diagnosis. 
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Haemodynamic and hormonal effects of captopril in 
primary pulmonary hypertension 


HAMID IKRAM, ANDREW H MASLOWSKI, M GARY NICHOLLS, ERIC A ESPINER, 
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SUMMARY The treatment of primary pulmonary hypertension is unsatisfactory. Since, in animals, 
experimental pulmonary vasoconstriction may be mediated in part by angiotensin II, we treated five 
primary pulmonary hypertensive patients with captopril for four days. To ensure accuracy of haemo- 
dynamic and hormone data, the patients were studied under conditions of constant body posture, 
regulated dietary sodium and potassium intake, and unchanged diuretic therapy. Captopril reduced 
mean pulmonary arterial pressure in parallel with plasma angiotensin II levels. Right ventricular 
ejection fraction recordings increased considerably in three of four patients. Systemic arterial pressure 
fell, but there was no change in right atrial pressure, cardiac output, or heart rate. The decline in 
plasma (and urine) aldosterone levels presumably contributed to the positive cumulative potassium 
balance and the rise in plasma potassium (mean 0-7 mmol/1). These encouraging results suggest that 
converting enzyme inhibitors warrant a formal trial with prolonged follow up in the treatment of 


primary pulmonary hypertension. 


Primary pulmonary hypertension is a chronic progress- 
ive disorder of unknown aetiology. With the exception 
of very rare cases who survive for long periods! or show 
regression,^ most die within 10 years from the time of 
diagnosis.? No consistently effective treatment either 
curative or palliative has been discovered. 

Animal studies have suggested firstly that the renin- 
angiotensin system may play a central role in the 
development of experimental pulmonary  vaso- 
constriction,?* and secondly that inhibition of angio- 
tensin II formation can prevent the pulmonary vascular 
changes induced by chronic hypoxia.> The scant 
clinical data available indicate that converting-enzyme 
inhibitor therapy might prove beneficial in patients 
with raised pulmonary resistance. 7 

This communication presents detailed haemo- 
dynamic and hormone responses to the oral converting- 
enzyme inhibitor captopril in five patients with 
primary pulmonary hypertension. 


Subjects and methods 

Five patients (Table 1) with pulmonary hypertension 
were studied. All had formal diagnostic catheter 
studies previously to exclude left sided cardiac disease 


or intracardiac shunts. Four had no lung disease on 
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respiratory function testing. One (case 4 Table 1) had 
evidence of small airways obstruction on computerised 
spirometry but no significant airways obstruction was 
demonstrable on routine spirometry. Informed 
consent was obtained from each patient, and the pro- 
cedure was approved by the hospital ethical 
committee. 

The study was carried out exactly as described earlier 
for patients with congestive heart failure.? In brief, a 
two day control period was followed by four days of 
captopril treatment; frusemide and digoxin, 
administered at 0800 h (Table 1) were continued un- 
changed; strict metabolic balance conditions were 
adhered to and dietary sodium (32 to 40 mmol/day) and 
potassium (50 to 98 mmol/day) were constant; urine 
was collected via an indwelling bladder catheter; 
haemodynamic recordings using a triple lumen Swan 
Ganz catheter and an arterial cannula were performed 
daily at 0830 h and 1530 h at which time arterial 
samples were drawn for hormone and electrolvte 
analvsis as previously described.? Captopril was started 
after two control days at a dose of 6:25 mg, increasing to 
a maximum of 150 mg per dose by the penultimate 
study day. The drug was given three times daily, at 
exactly 0730 h, 1430 h, and 2330 h. Digoxin, 
frusemide, captopril, and potassium chloride (which 
was added to achieve a total potassium intake of 50 to 98 
mmol/day) were the only drugs taken, any others 
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Table 1 Clinical and haemodynamic data 
Case No. 
i 2 3 4 5 
Sex F M M M F 
Age 42 62 . 76 26 55 
Duration of symptoms (y) 7 S 2 3 2 
Mean pulmonary arterial Control 29 61:5 38 41 44S 
pressure (mmHg) Final day 26 53 32 33 37 
Mean arterial pressure Control 80 92 76 99 98 
(mmHg) Finalday 63 73 51 82 77 
Cardiac output (1/min) Control 5:4 4:2 10:1 5-4 344 
Final day — 6:6 3:7 9:3 6-0 31 


Daily drugs "usen 
Digoxin 0-25 mg 


F rüsemide 160 mg Frusemide 40 mg 


Frusemide 120 mg Frusemide 120 mg Frusemide 40 mg 
Digoxin 0-0625 mg Digoxin 0-125 mg 





Data for pressures and cardiac output represent the mean of two recordings (0830 and 1530h) from the control (pre-captopril) day and from the 


final study day (during captopril treatment) for each patient. 


having been stopped at least five days before starting 
the study. 


In four patients, radionuclide ejection fractions of 
the right and left ventricles were determined by the 
first pass technique? using technetium-labelled pyro- 
phosphate, firstly before.the study, and again three to 
eight days after completion of the formal procedure 
during maintenance captopril treatment. 

Our previous experience indicates that haemo- 
dynamic and hormone indices are often unstable on the 
first study day as the patients adjust to the procedure 
requirements and come into electrolyte balance on the 
controlled metabolic diet. To avoid spurious <esults 
therefore, data from the second day were taken as 
control (pre-captopril) values. 

Statistical methods used were analysis of variance 
and product moment correlation coefficient. Results in 
the text and figure are presented as mean + SEM. 


Results 


Clinical details, drugs, and pre-captopril pulmonary 
artery pressures are shown in Table 1. 


HAEMODYNAMICS 

Captopril induced highly significant decrements in 
arterial pressure and in pulmonary arterial pressure 
(p « 0-001, analysis of variance) (Fig.). Mean arterial 
pressure reached its nadir 18-8 mmHg below baseline 
levels on the second day of captopril, whereas mean 
pulmonary artery pressure declined by 6:4 mmHg to its 


lowest level on the final study day (Fig.). A fall in: 


pulmonary arterial pressure was seen in each patient, 
the initial (pre-captopril) level and those on the final 
day being shown in Table 1. Cardiac output changes 


were minor (Fig. -1 and-Table 1) and were not statisti--.-. 


cally significant. Likewise, baseline right atrial 
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Fig. Haemodynamic, hormone, and electrolyte results from frve 
patients with primary pulmonary hypertension (mean + SEM). 
Pre-captopril values (open symbols) represent the mean of two 


- readings on the second study day, and are extended as 


discontinuous horizontal lines for the period of captopril treatment. 
Conversion to mass units: Plasma renin activity | nmol/l per h ~ 
1:3 ng/ml per h; Angiotensin II 1 pmol/l — 1°04 pg/ml; 

Plasma aldosterone 1 nmol/l = 36 ng{100 ml. 


pressure (8:4-+1-9 mmHg, mean + SEM) and initial 
heart rates (86°643°5 beats per minute) were not 
altered in any systematic fashion by captopril therapy. 
Since reliable measurements of pulmonary capillary 
wedge pressures are virtually impossible in pulmonary 
hypertension, and since extrapolation to left atrial 
pressure may be inaccurate,!° pulmonary vascular 
"resistance" was not calculated.~Right- ventricular 
ejection fractions had increased conspicuously in three 
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Table2 Radionuclide ejection fractions before and after captopril 
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-Case No. Right ventricular ejection fraction Left ventricular ejection fraction 
Before captopril After captopril Before captopril After captopril 
] 49% 67% | 6196 80% 
2 51% 43% 38% 46% 
4 41% 89% 74% 84% 
5 17% 40% 56% 80% 
Mean 39-596 59-8% 57-3% 72:5% 





of the four patients three to eight days after completion 
of the study during continued captopril therapy, while 


left ventricular ejection fractions showed a more.. 


modest increment (Table 2). 


HORMONES 

Plasma angiotensin II fell steadily. during captopril 
treatment, while plasma renin activity increased in a 
stepwise fashion to reach a peak on the penultimate 
study day which was tenfold higher than pre-captopril 
levels (Fig.). Plasma aldosterone declined rapidly and 
stabilised -at -approximately half baseline levels 
(Fig.). Overall, plasma aldosterone correlated signifi- 
cantly with concurrent plasma angiotensin II (r=0:53, 
p «0:001, n=50). Urine aldosterone excretion dimin- 


ished gradually from a control of 38-4+6-2 nmol/24h to-- 


29°2+2°8 nmol/24h on the final study day. Baseline 
levels of plasma noradrenaline 3570+727 pmol/l 
(6043-123 pg/ml), plasma cortisol 4694:64 nmol/l, and 
urine cortisol 275+19 nmol/24h. and were not altered 
by the introduction of captopril. 


HAEMODYNAMIC-HORMONE RELATIONS 

The patterns of change in mean pulmonary artery 
pressure and in circulating angiotensin II were similar 
(Fig.). A possible relation between these two indices 
was supported by the close correlation between their 
concurrent mean values as plotted in the Fig. (r=0°91, 
p«0:001, n=9). The correlations of mean systemic 
arterial pressure with angiotensin II (r:0-69, n=9) and 
with plasma renin activity (r^ —0:83, n-9) were also 
statistically significant (p«0:05 and p<0-01, 
respectively). 


SODIUM AND POTASSIUM 

Cumulative sodium balance in individual patients was 
variable during~captopril administration, but overall 
was slightly negative (—24-4+19-3 mmol). By contrast, 
cumulative potassium balance was positive, and the 
mean plasma potassium increased by 0:7 mmol/l 
(p « 0-001, analysis of variance; Fig.) from a baseline 
level of 3-7 mmol/l (range 3-0—4-4 mmol/l). 


CLINICAL STATUS 
The two youngest patients (cases 1 and 4) noted a 
dramatic clinical improvement during maintenance 


captopril therapy. Exercise tolerance using a symptom- 
limited treadmill test!! improved in case 1 from five 
minutes 12 seconds before captopril treatment to nine 
minutes five seconds after three weeks of treatment. 
Exercise performance was not assessed in case 4. His 
pulmonary arterial pressure, however, was measured 
using a Swan Ganz catheter after four months of treat- 
ment with captopril, and had declined to 41/13 mmHg 
from a pre-captopril level of 51/30 mmHg. Case 5 
increased her exercise tolerance from nine minutes 30 
seconds to 14 minutes nine seconds after four weeks of 
captopril, but has subsequently deteriorated clinically. 
Case 2, with the highest pulmonary pressure (Table 1), 
showed no change in exercise tolerance. Case 3 
developed symptomatic hypotension, and thus 
captopril was withdrawn; he died three months later. 


Discussion 


The treatment of primary pulmonary hypertension is 
unsatisfactory. Though many drugs have been tried, 
none has proved uniformly effective. The rationale for 
the current study may be summarised as follows. In 
animals and man, angiotensin II can raise pulmonary 
arterial: pressure independent of any action on the 
systemic arterial circulation. 7-^ Experimental 
pulmonary vasoconstriction secondary to hypoxia must 
be mediated by a vasoactive messenger, since the direct 
effect of low oxygen levels on pulmonary artery smooth 
muscle is one of dilatation.?? Though contrary reports 
have appeared,!6 there is evidence that this hypoxia- 
induced pulmonary vasoconstriction in animals is 
angiotensin II-dependent,? and that blockade of 
angiotensin II formation by converting-enzyme inhi- 
bition can limit the development of pulmonary arterial 
hypertrophy and of right ventricular hypertrophy.? 
The pathophysiological role of the renin angiotensin 
system in primary pulmonary hypertension in man is 
unknown and the effects of blocking angiotensin II 
formation in this condition have received scant atten- 
ton. À single case study reported that captopril tem- 
porarily reduced dyspnoea and improved arterial 
oxygen tension,’ and more recently Schmengler et al. 
documented a decline in pulmonary arterial pressure 
after captopril treatment in 15 patients with pulmonary 


^ hypertension including five. with -primary pulmonary 
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hypertension. Converting-enzyme inhibitor treatment 
decreased pulmonary arterial pressure and pulmonary 
vascular resistance in patients with systemic hyper- 
tension after coronary artery surgery. Rich and 
Rosen,!? however, failed to show a fall in four cases 
treated for 48 hours with captopril but noted great 
variability in the pressures over this period. 

Our study shows that captopril is capable of causing 
a significant and sustained fall in pulmonary arterial 
pressure in primary pulmonary hypertension. Thelong 
period of study was designed to minimise the effect of 
short term fluctuations in pulmonary pressure as 
reported previously.!8 These patients were all suffering 
from pulmonary hypertension as evidenced by a resting 
mean pulmonary pressure clearly exceeding 25 mmHg 
in accordance with the WHO criteria for the diagnosis 
of pulmonary hypertension.!? A mean pressure of 43 
mmHg after 24 hours of bedrest represents at least a 
moderate grade of severity. The resting cardiac output 
was within the normal range, which is not unusual in 
cases of moderate severity on digitalis and diuretic 
treatment. They were all significantly limited on 
exercise. The important question is whether the modest 
fall in mean pulmonary pressure we observed was of 
clinical and haemodynamic benefit. Our data on 
exercise performance and right ventricular ejection 
fraction, though limited, indicate that it was. Right 
ventricular ejection fraction bears a close inverse 
relation to mean pulmonary arterial pressure.29 
Furthermore, a depressed ejection fraction indicates 
moderate or severe pulmonary hypertension, being 
normal in mild disease.2° Ellis et al.2! observed a signifi- 
cant increase in right ventricular ejection fraction with 
a fall in pulmonary pressure after low flow oxygen 
therapy in patients with obstruction airways disease. 
The changes in right ventricular ejection fraction in our 
cases are compatible with the thesis that captopril was 
producing a worthwhile relief of pulmonary vaso- 
constriction. Cardiac output at rest showed a gradual 
increase but did not attain statistical significance. This 
may be because of the study design which contrasts 
with the usual procedures for vasodilator studies which 
are all short-term acute interventions. Schmengler et 
al." reported falls in pulmonary vascular resistance 
and right atrial pressure despite a rise in cardiac output, 
with a fall of 10 mmHg in the mean pulmonary 
pressure. 

Left ventricular ejection fraction improved some- 
what in our study though it was within the normal 
range in the initial diagnostic studies. We are unaware 
of any previous studies on the effect of vasodilator 
drugs on left ventricular ejection fraction in this con- 
dition. While left ventricular function may be grossly 
normal in pulmonary hypertension, detailed studies? 
have shown depressed contractility and limitation of 
the Frank-Starling mechanism because the pulmonary 


Ikram, Maslowski, Nicholls, Espiner, Hull 


vascular changes impede left ventricular filling. The 
acute induction of pulmonary hypertension by hypoxia 
in animals is generally accompanied by a decrease in 
ejection fraction. The study of Schmengler et al. 
quoted previously also reported a fall in pulmonary 
wedge pressure with improvement in cardiac output 
with captopril, indicating improvement in left 
ventricular function. It is unlikely that the improve- 
ment in right ventricular performance in our patients 
was secondary to alterations in left ventricular function 
since the magnitude of change in ejection fraction was 
substantially greater for the right than for the left 
ventricle. 

The close relation between mean pulmonary artery 
pressure and angiotensin H levels in our study suggests 
the possibility that the octapeptide was contributing to 
the pulmonary vasoconstriction. Support for this 
premise comes from data showing a close association of 
pretreatment renin levels with changes in pulmonary 
vascular resistance induced by converting-enzyme 
inhibitor therapy.6 7 Whether long term captopril 
therapy results in a sustained lowering of pulmonary 
artery pressure, and if so whether it can be explained 
fully by the decline in circulating angiotensin II levels, 
remains to be determined. 

The hormonal and metabolic changes were entirely 
predictable on the basis of converting-enzyme inhi- 
bition, that is a fall in angiotensin II and therefore in 
aldosterone, and a concomitant rise in plasma renin. 
Likewise, a positive cumulative potassium balance and 
increase in plasma potassium were not unexpected 
since similar changes were observed during captopril 
treatment for cardiac failure. Presumably these 
potassium changes resulted in part from the decline in 
aldosterone levels. 

The syndrome of primary pulmonary hypertension 
is not a homogeneous entity and several mechanisms, 
some as yet undiscovered, may be implicated. It is 
highly likely that some patients will either respond 
poorly or not at all to converting enzyme inhibitors. 
This has been the experience with other vasodilators in 
the treatment of primary pulmonary hypertension. 
Our data suggest that converting-enzyme inhibitors 
warrant a trial in individual patients where other forms 
of treatment have failed. 


Grant support was from the Medical Research Council 
of New Zealand. 
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Transmural, haemorrhagic myocardial infarction 
after intracoronary streptokinase 
Clinical, angiographic, and necropsy findings 
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SUMMARY Six of 101 patients with acute myocardial infarction whose coronary arteries were success- 
fully recanalised died in cardiogenic shock one to 18 days after intracoronary thrombolysis. In one 
patient, cardiogenic shock was preceded by coronary artery reocclusion. On admission, serum 
creatine kinase was still normal in all six patients and there was significant ST elevation but no changes 
in the QRS complexes. Four of the six patients had an old infarct. The time. between the onset of 
symptoms and coronary artery recanalisation was approximately 2:9 hours. The total dosage of 
intracoronary streptokinase averaged 200 000 units. Necropsy disclosed a patent vessel supplying the 
infarct in five patients and thrombotic reocclusion in the one patient with reinfarction. All six patients 
had a transmural acute myocardial infarction, which was typically anaemic in the two patients with 
inferior infarction. In one of these two patients, whose artery was recanalised within 1-7 hours, the 
anaemic infarct was only 4 cm? in area, whereas in the other (the patient who died after reocclusion) it 
was 30 cm. In three patients with an acute occlusion of the left anterior descending coronary artery, 
whose vessels were recanalised within 3:5 hours, the infaret-.was.haemorrhagic and large, averaging 32 
cm. Haemorrhage Was always confined to the area of necrosis and there was no evidence of cardiac 
rupture. One other patient had both types of infarction—a large haemorrhagic infarct in the area of the 
recanalised circumflex coronary artery and an anaemic infarct in the area supplied by the severely 
stenosed left anterior-descending coronary artery. | 

In this patient, who died 18 days after recanalisation, the speed of infarct healing was much delayed 
in the haemorrhagic but not in the anaemic infarct area. 

Despite coronary artery recanalisation within three and a half hours, a fatal transmural acute 
myocardial infarction with reperfusion haemorrhage into the area of necrosis may occur. Myocardial 
haemorrhage probably delays infarct healing. 


During the past three years, we have successfully 
recanalised the coronary arteries of 101 patients with an 
acute transmural myocardial infarction using intra- 
coronary streptokinase. Six of the 101 patients died in 
cardiogenic shock one to.18 days after the procedure. 
Death was preceded by reinfarction caused by 
coronary artery reocclusion in only one patient. In all 
six patients, necropsy was performed in order to assess 
infarct size objectively and to differentiate an anaemic 
from a haemorrhagic  infarct.- 
haemorrhagic infarction has been observed after 
myocardial reperfusion, and from systemic strepto- 
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Experimentally, : 


kinase treatment it is known that myocardial haemor- 
rhage also occurs in man.! In this paper, the necropsy 
findings of the six patients are summarised and related 
to clinical and angiographic data. 


Methods 


CLINICAL CHARACTERISTICS ON ADMISSION 

According to our procedure, the duration of chest pain 
was less than three hours in all six patients. One patient 
was already in the hospital when the infarct occurred; 
another was working at the hospital when his chest pain 
began. On admission, all six «patients were in left 
ventricular failure. Arterial blood pressure, however, 
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was still within the normal range. Four patients had a 
history of an old transmural myocardial infarction. The 
electrocardiogram showed distinct ST elevation, with 
no evidence of new Q-waves. Serum creatine kinase was 
within normal limits, confirming the early stage of the 
infarct. 


RECANALISATION AND 
POST-THROMBOLYTIC TREATMENT 


Coronary artery recanalisation was performed as 
described by us previously.? First, the “infarct vessel" 
was recanalised, then the non-affected coronary artery 
and the left ventricle were visualised. In one patient, 
streptokinase was given superselectively through a 3 
French reperfusion catheter, which was advanced 
through an 8 French Judkins right coronary artery 
catheter up to the thrombus. In another patient, where 
streptokinase had transformed a total into a subtotal 
occlusion, intracoronary lysis was followed by balloon 
dilatation using a cee dilatation catheter DG 20- 
30.: 

Five of the six — were still in the intensive care 
unit when they died. The patient with reinfarction was 
in the general ward and was readmitted to the intensive 
care unit; she died two days later. All patients received 
intravenous heparin and, as long as their blood 
pressure permitted, they also received intravenous 
glyceryl trinitrate (50 mg daily) and oral nifedipine (20 
mg four times daily), in order to prevent coronary 
artery reocclusion from spasm. Haemodynamic 
variables were monitored with a Swan-Ganz catheter 
and medical treatment was adniinistered according to 
these measurements. When left ventricular failure 
worsened, the patiénts were intubated and artificially 
ventilated. 


NECROPSY 

The-necropsies were"performed 24 to 30 hours after 
death. The hearts were weighed and examined accord- 
ing to a routine procedure. First, the coronary arteries 
were carefully prepared and dissected, in order to 
identify the exact location.and extent of the atheroma- 
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tous stenoses and thromboses. Second, the chambers 
were opened and the degree of dilatation was measured 
and recorded, together with other qualitative changes, 
sucli as “subendocardial.. bleeding or parietal’ throm- 
bosis. Third, horizontal sections were cut through the 
anterior wall of the left ventricle as well as the inter- 
ventricular septum and the inferior left ventricular 
wall. On these cut surfaces.the size and-the quality of 
the infarct were assessed. For histological evaluation, 
two or three specimens were taken from the centre of 
the infarct, from the margin, and from the non- 
infarcted myocardium. 


Results 


ANGIOGRAPHIC FINDINGS 

Coronary angiography disclosed three vessel disease in 
all six patients. The “infarct vessel" was completely 
occluded. It was recanalised by a streptokinase infusion 
into the ostium of the right or left coronary artery in 
four patients, a superselective streptokinase infusion in 
one patient, and a streptokinase infusion followed by 
balloon dilatation in the remaining patient. The 
average streptokinase dosage was 200 000+25 000 
units. The time interval-from the onset ofchest pain to 
recanalisation was 2-90-8 hours, ranging from 1-7 to 
3.5 hours (Table) A significant arteriosclerotic 
stenosis always remained after recanalisation, but there 
was good and prompt contrast filling of the previously 
occluded artery. Angiographically, there was no 
evidence of preformed collaterals to the "infarct 
vessel" in any of the six patients. The left ventricular 
ejection fraction immediately after recanalisation was 
conspicuously reduced to 26+8%. 


CLINICAL COURSE AFTER RECANALISATION 

In case 1, recanalisation was associated with distinct 
clinical. improvement -and the reversal of impending 
shock. Nine days after recanalisation, however, re- 
infarction occurred as-evidenced by typical ischaemic 
chest pain, ST re-elevation, and a rise in serum creatine 
kinase. À second attempt to recanalise the reoccluded 





Table Summary of clinical, angiographic, and necropsy data 

Case Sex Age AMI Old Infarct Intracoronary Chest pain Peak serum AMI to Coronary artery AM] I area Myocardial 

Nei > (y) , “ME vessel streptokinase — . to reperfusion CK(U]I) death  ' reocclusion- (cm?) . ^ haeniofrhage 

(units) (hours) (d) 

] F 71 I A RCA 175 000 2-0 428 9 + 30 ~- 

2 M 70 I A RCA 200 000 1-7 250 2 - 4 — 

3 .M. 69 A I LAD 190 000 . 3.5 1968 l - 30 + 

4 F 77 A — LAD 190 000 ^ 3.4 - 3350 3 — 24 + 

5 M 72 A I LAD 250 000 3.5 4000 1 == 42 + 

6 M 44 I(+A) —  Cfx 200 000 3-0 3100 18 ~~ 99 +(—) 
(+LAD} 





AMI, acute myocardial infarction; MI myocardial infarction; I, inferió?; A, anterior; RCA, right coronary artery; LAD, left anterior descending 


coronary artery; Cfx, circumflex coronary artery. 
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proximal right coronary artery with streptokinase was 
unsuccessful and the patient died in cardiogenic shock. 

In cases 2 to 6, left ventricular Tailure persisted after 
recanalisation. These five patients required increasing 
dosages of positive inotropic agents to maintain their 
arterial pressure. There was no evidence of reinfarction 
before death in these five patients. Thev all died in 
cardiogenic shock. 

Serum creatine kinase rose rapidly after recanalisa- 
tion. Peak serum creatine kinase in cases ] and 2 was 
428 and 250 units/l, respectively, and in cases 3 to 6 
peak creatine kinase averaged 3104-847 units/l 
(Table). New Q waves appeared in all six patients after 
recanalisation. 


NECROPSY FINDINGS WITH RESPECT 

TO RECANALISATION 

Necropsy disclosed a patent “infarct vessel" in cases 2 
to 6 and an acute thrombotic reocclusion in case | with 
reinfarction. At the sites where thrombotic occlusions 
had been detected by angiography before recanalisa- 
tion, the coronary arteries showed severe arterio- 
sclerotic stenoses. 

All six patients had a transmural infarct (Table), In 
cases | and 2, with inferior infarctions, the infarct was 
typically anaemic; their sizes were 30 cm? and 4 cm", 
respectively. Both patients had an old anterior infarct 
and in both recanalisation was achieved in less than two 
hours after the onset of chest pain. There was discrete 
involvement of the right ventricle in case 1. 

In cases 3 to 5, with acute occlusion of the left 
anterior descending coronary arteries, the “infarct 
vessel” was opened within three and a half hours after 
the onset of chest pain. Necropsy showed large trans- 
mural infarcts averaging 32+9 cm? in area. The infarcts 
were almost completely haemorrhagic, leaving only a 
small anaemic border zone. Haemorrhage was always 
confined to the area of necrosis with no evidence of 
cardiac rupture. A typical example is shown in Fig. 1. 
Histologically, the haemorrhagic infarct was charac- 
terised by eosinophilic coagulation necrosis of the 
myocardial fibres. This was accompanied by intensive 
fresh haemorrhage between the myofibres (Fig. 2a). A 
neutrophilic exudation was almost absent. The wall of 
the small arterial vessels also appeared to be necrotic 
(Fig. 2b). 

Case 6, who died 18 days after recanalisation, had a 
haemorrhagic infarct in the area supplied by the 
occluded and recanalised circumflex coronary artery 
and an anaemic infarct in the area supplied by the 
severely stenosed left anterior descending coronary 
artery ( Fig. 3). Streptokinase had been infused into the 
left main coronary artery in this patient. According to 
the single peak in serum creatine kinase and the infarct 
age estimated on the basis of the gross and microscopi- 
cal changes, the anterior anaemic infarct probably 
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Fig. | 


Horizontal cut surface of the septum and the posterior 
wall of the left ventricle with acute haemorrhagic infarct (HT) 
affecting almost the entire interventricular septum (case 5 
Anaemic margin (arrows). 


occurred at the same time as the posterolateral 
haemorrhagic infarct. Since this patient died 18 days 
after recanalisation, histological samples from the 
anaemic and haemorrhagic infarct areas were examined 
with special regard to the question whether the speed of 
infarct healing was affected by myocardial 
haemorrhage. Fig. 4 shows a specimen from the margin 
of the anaemic infarct directly adjacent to the 
haemorrhagic infarct. The area of the anaemic infarct 
shows signs of advanced repair with granulation tissue 
almost completely replacing the necrotic muscle fibres. 
In contrast, the area of the haemorrhagic infarct 
showed no signs of repair. 


Discussion 


The clinicopathological observations described in this 
paper are the first obtained in patients who have had 
intracoronary streptokinase treatment. It is the nature 
of such data that they are “negative” and selective 
Clinically and angiographically, our six patients did 
not recognisably differ from many other patients 
undergoing coronary artery recanalisation, with the 
exception that their left ventricular ejection fraction 
was so depressed. All six patients had recanalisation 
within the time limit at present considered to be 
appropriate for patients with acute mvocardial infarc- 
tion. The normal serum creatine kinase levels on 
admission and the acute electrocardiographic findings 
make it unlikely that the onset of coronary artery 


occlusion was significantly different from the onset of 


chest pain in these patients. 

In cases 1 and 2, coronary artery reperfusion was 
achieved within two hours after the onset of chest pain. 
It may have salvaged ischaemic myocardium in case 2, 
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since only a small, anaemic infarct was found at 
necropsy. 

This patient probably died from the overall amount 
of dvsfunctioning myocardium, that is the old anterior 
infarct, the acute inferior infarct, and the reperfused 
myocardium still recovering from ischaemia. In case 1, 
the beneficial effects of recanalisation were apparent 
onlv initiallv; the symptoms of impending cardiogenic 
shock disappeared. Reocclusion, however, resulted in 
reinfarction and irreversible shock. Thus, the 
beneficial effect of coronarv artery recanalisation could 
not be sustained in this patient. In cases 3 to 6, the 
clinical course and the necropsy findings indicate that 
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Fig.2 Acute haemorrhagic 
infarction. (a) Low power micrograph 
showing interconnecting strands of 
erythrocytes between myofibres. 

(HE 40, original magnification. ) 
(b) High power micrograph displaying 
massive haemorrhage between necrotic 
myofibres. In the centre a small vessel 
( V) with necrotic wall. (HE x 115, 
original magnification. ) 


recanalisation achieved within three and a half hours 
after the onset of chest pain did not prevent a fatal 
extensive myocardial infarction. Apparently, recanali- 
sation was too late to salvage myocardium in these 
patients. In addition, there is little doubt that recanali- 
sation produced a haemorrhagic type of myocardial 
infarction. 

A haemorrhagic myocardial infarction is rarely seen. 
Reviewing our last 200 necropsies of patients who died 
after an acute myocardial infarction, no haemorrhagic 
infarct was found even in five patients who received 
intracoronary streptokinase but in whom the “‘infarct 
vessel” was not reopened. Myocardial haemorrhage 





Fig. 3 Horizontal cut surface of the anterior wall of the left 
ventricle with an 18 day old haemorrhagic infarct (HI) at the basis 
(case 6). Close by, an anaemic infarct (A) of equal age. 


has been described after systematic streptokinase. 
Since it is also observed after experimental reperfusion 
and occasionally after coronary artery bypass in patients 
with acute myocardial infarction, however, it may not 
be the result of streptokinase per se, but the consequence 
of early myocardial reperfusion after intracoronary 
thrombolysis. The findings in our last patient (case 6) 
would be consistent with this hypothesis. This patient 
had a haemorrhagic and an anaemic infarct of equal 
age. The haemorrhagic infarct occurred only in the area 
of the totally occluded and recanalised coronary artery, 
whereas the anaemic infarct occurred in the area of the 
severely stenosed left anterior descending coronary 
artery, where no reperfusion took place. Thus, sudden 
reperfusion after three to four hours of coronary artery 
occlusion appears to be a major determinant in tie 
development of myocardial haemorrhage. The anaemic 
anterior infarct in this patient may have been caused by 
a drop in perfusion pressure and/or loss in collateral 
blood flow from the acutely occluded circumflex 
coronary artery to the left anterior descending coronary 
artery. Since this patient died 18 days after 
recanalisation and had both types of infarction, it was 
interesting to see how the speed of healing of the acute 
infarct was affected by myocardial haemorrhage. The 
histological specimens from this patient showed a clear- 
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granulation tissue, adjacent to a haemorrhagic infarct ( HI) of the 
sume age without any evidence of repair. (HE = 115, orginal 
magnification. ) 


cut difference in the removal of necrotic muscle and 
replacement by connective tissue between the anaemic 
and the haemorrhagic infarct. While in the haemor- 
rhagic infarct area, repair processes were completely 
lacking after 18 days, the anaemic infarct showed the 
typical picture of an infarct in resorpuon and repair 
by granulation tissue. Obviously, myocardial 
haemorrhage delayed infarct healing in this patient. In 
case 4, who died three days after an acute anterior 
infarct, the expected degree of leucocvtic infiltration 
was also not seen. 

Thus, our findings show that a large fatal infarct may 
occur despite recanalisation within three and a half 
hours after the onset of chest pain. They also suggest 
that myocardial haemorrhage is likely to follow 
coronary artery reperfusion, thereby possibly delaying 
the speed of infarct healing. 

Although we cannot be certain that a haemorrhagic 
infarct similar to that in cases 3 to 6 is not present in 
many patients undergoing recanalisation and surviving 
the acute infarct, we have continued to undertake this 
procedure. A substantial improvement in regional wall 


- 
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motion after successful thrombolysisé in connection 
with a reduction in thallium-201 defect size in the 
majority of patients, as well as distinct haemodynamic 
improvement in some patients with cardiogenic shock? 
has encouraged us. We attempt, however, to recanalise 
patients with an extensive anterior infarct as early as 
possible with a strict limiton the acceptable duration of 
symptoms of three hours. Otherwise, instead of a 
reduction in infarct size, myocardial haemorrhage 1s 
likely to be induced, thereby possibly disturbing 
infarct healing. Weare aware that-a large inter- 
individual variation in the development of a complete 
myocardial infarction exists. 
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Sudden versus gradual withdrawal of sotalol in ambulant 
patients with ischaemic heart disease 


A HENDERSON, J ERRINGTON 


From the Department of Cardiology, Freeman Hospital, Newcastle upon Tyne 


SUMMARY One hundred and six patients with ischaemic heart disease on chronic treatment with sotalol 
or placebo were asked to discontinue the drugs gradually or abruptly. Even though the patients were 
fully active at home there was a very low incidence of major cardiac events but a significant worsening 
of anginal symptoms in patients previously taking sotalol. The rate at which the sotalol was discontinued 


did not appear to be important. 


Concern about a beta blocker withdrawal rebound 
phenomenon continues. Numerous case reports!~? of 
major cardiac events occurring after the sudden dis- 
continuation of these drugs in patients with ischaemic 
heart disease seem to support the idea of rebound, but 
in a condition as unpredictable as coronary heart 
disease the value of this evidence is open to question. 
Four retrospective studies!0-!? failed to confirm clini- 
cally significant rebound and a recent prospective study 
of patients with angina admitted to hospital!^ showed a 
low incidence of cardiac events after the sudden dis- 
continuation of propranolol. 

In this study an attempt has been made to evaluate 
the risk of sudden withdrawal of sotalol in patients with 
coronary heart disease who were all fully ambulant at 
home. 


Subjects and method 


The patients formed part of a larger sotalol secondary 
prevention trial, the details of which can be found 
elsewhere.’ All had had a definite acute myocardial 
infarction and had been randomly allocated on a 3:2 
basis within 14 days of infarction to sotalol (320 mg 
daily) or placebo. The first 106 patients to complete 12 
months follow-up were enrolled in this study, and were 
randomly allocated on a 1:1 basis to either gradual (over 
two weeks) or abrupt (immediate discontinuation) 
withdrawal of the trial drug. The groups were well 
matched with regard to age, sex, pre-existing hyper- 
tension, pre-existing angina, smoking habits, and site 
of infarction. All patients were fully ambulant at home 
and 38 were working. On entry into this study renal 
function (as reflected by blood urea) and nitrate 
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therapy were recorded. Four weeks after stopping the 
trial drug the patients were assessed by a doctor blind to 
both randomisations. During the 12 month period of 
treatment and the one month period after drug with- 
drawal all antianginal agents except nitrates were 
prohibited. 


Results 


The distribution of patients was: 44 on placebo; 31 
gradual withdrawal from sotalol, and 31 abrupt with- 
drawal from sotalol. 


MAJOR CARDIAC EVENTS 

This heading includes sudden death, major arrhyth- 
mias, fatal and non-fatal myocardial infarction, and 
severe angina requiring hospital admission. 

The only major cardiac event was a non-fatal myo- 
cardial infarction complicated by ventricular fibril- 
lation in a patient who had stopped sotalol after gradual 
withdrawal. 


ANGINA (Table) 
In the placebo group 17 patients experienced angina 
while taking the trial drug. Three felt the angina to be 
worse after stopping the drug while one felt improved. 
None developed new onset angina or had a recurrence 
of previous angina. In the group who gradually stopped 
sotalol 12 had angina while taking the drug and all 
continued to have it afterwards. Six felt unchanged 
after stopping but six felt worsening of the angina 
though none required admission to hospital. One 
developed new onset angina and two had a recurrence 
of previous angina. 

In the group who suddenly stopped sotalol 16 had 
angina while taking the drug and all experienced 
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Table Effect of withdrawing treatment on angina 





Placebo (44) Sotalol (gradual Sotalol (abrupt 


withdrawal) (31) withdrawal) (31) 


Angina during i — 
a 


treatment 17 (39%) 16 (52%) 
Angina worse after 

stopping treatment 3 (7%) 6 (19%) 7 (23%) 
Angina unchanged 

after stopping 

treatment 13 (30%) 6 (19%) 8 (25%) 
Angina improved 

after stopping 

treatment 1 (2%) 0 1 (3%) 
New onset angina 

after stopping 

treatment 1 (3%) 2 (695) 
Recurrence of angina 

after stopping 

treatment 0 2 (6%) 0 





angina after stopping. Eight felt unchanged, seven had 
worsening of the angina, and one felt improved. Two 
patients developed new onset angina but none had a 


recurrence of previous angina. None required hospital 
admission. 


PALPITATION 

Several patients reported an unusual awareness of their 
heart beat during the study. In the placebo group three 
had palpitation while on treatment and all continued to 
experience it after stopping the drug. One developed 
palpitation for the first time after discontinuation of the 
trial drug. In the sotalol group on gradual withdrawal 
none had palpitation on treatment but four developed 
it after stopping, while in the abrupt withdrawal group 
one had palpitation on treatment and continued to 
suffer it after stopping, while four developed new onset 
palpitation after stopping. 


GENERAL WELL-BEING 

In the placebo group, three patients felt better and four 
felt worse after stopping treatment, while in the sotalol 
groups two patients felt better and two felt worse after 
gradual withdrawal and one felt worse after abrupt 
withdrawal. 


HEART RATE 

The mean heart rate of the placebo group on treatment 
was 69 beats/minute and after stopping 72 beats/ 
minute. In the sotalol group on treatment the mean 
heart rate was 57 beats/minute which was significantly 
slower than the placebo group (p«0-01). The mean 
heart rate after stopping sotalol rose to 81 beats/minute 
in the gradual withdrawal group and to 82 beats/minute 
in the abrupt withdrawal group which was significantly 
faster than while on sotalol (p«0-01) and compared 
with patients who discontinued placebo (p<0-01). 


BLOOD PRESSURE 
The mean blood pressure in the placebo group was 


553 


150/90 mmHg on treatment and 152/92 mmHg after 
stopping. The mean blood pressure in the sotalol group 
was 145/89 mmHg, and after stopping the drug 145/89 
mmHg after gradual withdrawal and 146/89 mmHg 
following abrupt withdrawal. Eleven patients in the 
sotalol group had a history of hypertension and of these 
only two showed a large rise in blood pressure after 
stopping the drug. The patient who had the largest rise 
from 140/100 to 180/120 mmHg suffered the only myo- 
cardial infarction in the series. 


RENAL FUNCTION 
There was no difference in renal function as judged by 


blood urea measured immediately before discontinuing 
the trial drug. 


Mean Urea. (a) Placebo group 6: 1 mmol/l (range 2:6— 
8:6); (b) sotalol (gradual withdrawal) 5-4 mmol/l (range 
3:1-9-4); (c) sotalol (abrupt withdrawal) 5:4 mmol/l 
(range 2:8—9:5). 


NITRATE TREATMENT 

Patients were allowed glyceryl trinitrate as required. At 
the start of this study only six were using long acting 
nitrates: one in the placebo group, two gradually 
stopping sotalol, and three abruptly stopping sotalol. 
None was using any other antianginal drug. 


Discussion 


It is important to distinguish between the effects of 
sotalol withdrawal compared with placebo from the 
effects of withdrawing sotalol gradually or suddenly. 
As sotalol is an effective antianginal drug, one might 
anticipate worsening of angina after its withdrawal. 
This is the case in our study where only 796 of the 
placebo group experienced worsening of angina after 
stopping the drug compared with 21% of patients who 
stopped sotalol (SE 6:4). There was no difference in the 
incidence of worsening angina between the patients 
suddenly stopping (2396) and those gradually stopping 
sotalol (1996). New onset angina was uncommon but 
was confined to patients discontinuing sotalol. Though 
this might be a rebound phenomenon a likely expla- 
nation is progression of the coronary heart disease, the 
clinical expression of which had been prevented by 
sotalol. Similarly the reappearance of previous angina 
may reflect simply the removal of effective suppressive 
treatment. The rate of sotalol withdrawal did not 
influence the incidence of new onset or recurrent 
angina. 

The incidence of major cardiac events was very low 
even in patients who were fully active at home or at 
work. The single non-fatal myocardial infarction 
occurred in a patient who had stopped sotalol after 
gradual withdrawal. This individual was previously 
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hypertensive and showed a large increase in blood 
pressure after stopping sotalol. This reaction, however, 
appeared to be uncommon and occurred in only two of 
the 11 hypertensive patients treated with sotalol. 

Patients taking sotalol had a significant bradycardia, 
and interestingly after stopping the drug appeared to 
have a slight overshoot in their mean heart rate which 
exceeded that of the placebo group (82 beats/minute 
and 72 beats/minute, respectively). The rate of sotalol 
withdrawal did not appear to influence the mean heart 
rate. Whether this représents a change in catechola- 
mine levels or increased sensitivity of the beta receptors 
as suggested by Boudoulas et al.161s not clear. Whatever 
the mechanism underlying the overswing, it appears to 
be of no clinical significance. With regard to- minor 
symptoms there was no real difference in the general 
well-being between patients in any of the groups after 
withdrawal of treatment except for palpitation which 
was experienced more frequently by those discontinu- 
ing sotalol. 

This study shows that sotalol can be discontinued in 
patients with ischaemic heart disease who are fully 
active at home without major risk of a cardiac 
catastrophe. It is however important to anticipate 
worsening of angina in some patients simply on the 
basis of withdrawing an effective antianginal agent. 
Whether sotalol was discontinued gradually or 
suddenly appeared unimportant. Before concluding 
that beta blockers in general can be safely stopped ina 
sudden fashion, however, one must consider the half 


life of the particular drug. Sotalol has a long half life 


(seven to 18 hours) so even sudden discontinuation of 


treatment may still allow a relatively gradual reduction - 


in beta blockade compared, for example, with the dis- 
continuation of a short acting drug such as propranolol. 
Though the results of this study must be interpreted in 
the context of a long half life beta blocker the precise 
clinical importance of half life duration remains 
unclear. The study of Myers et al.!^ of propranolol 
withdrawal in patients in hospital suggests even short 
half life beta blockers can be suddenly stopped without 
major risk. 
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Projection of ST segment changes on to the front of the 
chest | 

Practical implications for exercise testing and ambulatory 
monitoring 


K M FOX, J DEANFIELD, P RIBERO, D ENGLAND, C WRIGHT 


From Division of Cardiovascular Disease, Hammersmuh Hospital, DuCane Road, London 


SUMMARY In order to determine the optimal chest leads for exercise testing and ambulatory monitoring 
we have studied the projection of ST segment alterations on to the front of the chest in 200 patients. In 
20 of these patients recordings during exercise were analysed to study the pattern of changes of the ST 
segment during and after exercise. The electrocardiogram was recorded using 16-unipolar chest leads 
equally spaced over the left hemithorax. ST segment elevation and depression projected to the front of 
the chest in a pattern that was individual to each patient and indeed the standard chest leads of the 12 
lead electrocardiogram were seen to represent only 41% of the total projection. ST segment depression 
was usually first recorded in one or two leads and the number of leads involved increased as exercise 
progressed, returning to normal after exercise in a reciprocal fashion; the leads that first showed ST 
segment depression were almost invariably those with the most severe depression and the last in which 
it disappeared. Analysis of the precordial projection of the ST segment has allowed a 12 lead precordial 
matrix to be designed that can be recorded using a standard three channel electrocardiographic 
machine. This will provide important directional information about the severity of myocardial 
ischaemia when assessing the effects of interventions that would not otherwise be available using 
conventional electrocardiographic lead systems. It is also clear from these data that failure to record ST 
segment changes using ambulatory monitoring in patients complaining of chest pain may mean that the 
wrong site was selected for placing the exploring electrode. Moving one or both of the exploring 
electrodes to other positions of the precordial matrix in subsequent recordings may then provide 
diagnostic information that otherwise would have been missed. 


In recent years there has been increasing interest in the 
use of non-invasive tests to diagnose and evaluate 
patients with ischaemic heart disease. Exercise testing 
has proved to be the most useful and widely available 
technique and more recently 24 hour ambulatory 
monitoring of ST segments has provided a means of 
evaluating patients in their everyday life.'-? Initially 
only a single chest lead was used for exercise testing and 
many limitations of the technique were resolved by 
using the standard 12 lead electrocardiogram.* More 
recently we and others have found it more useful to use 
a 16 lead precordial mapping system for both the diag- 
nosis and the evaluation of patients with ischaemic 
heart disease.57 In spite of a vast amount of research on 
the value of exercise testing in idenufying coronary 
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artery disease there has been little work describing the 
pattern of ST segment projection on to the front of the 
chest during an exercise test. Without this information 
many of the strengths and weaknesses of exercise 
testing and ambulatory monitoring will remain 
speculative. 


Methods 


PATIENTS 

Two hundred consecutive patients (170 men, 30 
women) undergoing diagnostic coronary angiography 
were studied. One hundred and eighty two patients 
presented with chest pain. There were 18 patients 
without chest pain in whom the angiograms were 
performed for diagnostic purposes. They were aged 29 
to 69 (mean 48:21-8:6) years. 
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PRECORDIAL ELECTROCARDIOGRAPHIC MAPPING 
All patients underwent 16 lead precordial electro- 
cardiographic mapping before, immediately after 
exercise, and 10 minutes after exercise using a tech- 
nique previously described.* The 16 points were distri- 
buted evenly over the left hemithorax and the 
boundaries were the angle of Louis, the right sterno- 
clavicular joint, the posterior axillary line, and 6 cm 
below the xiphisternum (Fig. 1). The leads were 
unipolar chest leads connected via a Wilson central 
terminal. Graded maximal exercise tests were per- 
formed using a bicycle ergometer. Patients cycled at a 
constant speed (50 revolutions per minute) and the 
work load was increased by 25 watts each minute. The 
exercise tests were limited by the appearance of chest 
pain, dyspnoea, fatigue, and multiple ventricular 
ectopic complexes. 

In 20 of the patients with proven coronary disease 
and ST segment depression, 16 lead precordial maps 
were recorded each minute during exercise. 


INTERPRETATION OF RECORDS 

At each of the 16 positions ST segment depression and 
elevauon were measured in three complexes and an 
average taken. ST segment depression was measured in 
millimetres (mm) to the nearest 0:5 mm. The ST 
segment was considered depressed if there was a 
change of 1 mm or more lasting 0:08 s or longer. The 
ST segment was considered elevated if there was a 
change of 1 mm or more measured 0-06 s after the end 
of the QRS complex. 

One of the precordial positions (C3) corresponded 
exactly to V5 and five of the 16 precordial leads (A2, 
B2, B3, C3, D3) covered the positions usually occupied 
by the chest leads of the standard 12 lead electrocardio- 
gram (modified standard leads). All data from the 
exercise tests were reported before the coronary 
arteriograms were obtained. 





Fig. | 


The electrodes are distributed aver the left hemithorax and 
labelled A to D (vertical rows) and | to 4 (horizontal rows) 
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CORONARY ARTERIOGRAPH Y 

All patients had left ventricular angiograms and 
coronary arteriograms performed using the Judkins 
technique. Coronary arterial narrowing was considered 
significant where the luminal diameter was decreased 
by at least 70%. 


Results 


Sausfactory recordings were obtained in all patients. 
The results of exercise testing and coronary arteri- 
ography are shown in Table 1. ST segment depression 
was found to occur in 122 of the 154 patients with 
coronary disease. A further 12 patients developed ST 
segment elevation alone. 

Projection of ST segment depression to the 16 pre- 
cordial leads is shown in Table 2. ST segment 
depression following exercise was projected to all 16 
leads. ST segment depression was frequently recorded 
outside both V5 and the modified standard chest leads. 
Indeed ST segment depression recorded in the 
standard precordial leads represented only 41% of the 
total projection to the full 16 leads. 

ST segment depression occurred exclusively outside 
the conventional precordial leads in nine of the 122 
(7%) patients who developed ST segment depression 
and had coronary disease. Maximum ST segment 
depression occurred outside the conventional leads in 
38 (31%) pauents. In 21 (17%) pauents ST segment 
depression was recorded outside the two leads ( V5 and 
inferior) used for ambulatory monitoring. 

Projection of ST segment elevation to the 16 precordial 
leads is shown in Table 3. Again ST segment elevation 
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Exercise testing 
A; ST segment depression 


Sensitivity 79% 

Specificity 89% 
B. ST segment depression + elevation 

Sensitivity 87% 

Specificity 894, 


Coronary arteriography 


Coronary disease 154 patients 


Single vessel 29 
[wo vessel 44 
Chree vessel $7 
Left main stem 24 


Normal coronaries 46 patients 








Table2 Number of times ST segment depression was recorded in 
each precordial lead immediately after exercise in 200 patients 

Row A B D 
l 2 12 43 21 
2 3 45 89 49 
3 2 55 95 45 
4 7 41 $7 15 





- 
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after exercise was often recorded in leads other than 
those usually occupied by the standard chest leads (that 
is ST segment elevation recorded in the standard 
precordial leads represented only 4296 of the total pro- 
jection to the 16 precordial leads). 

False positive exercise-induced ST segment — 
sion was recorded in almost all of the 16 precordial 
leads and was not confined or more frequent in any 
particular set of leads (Table 4). ST segment elevation 
in patients without prior myocardial infarction was 
confined to the right chest leads and was found in eight 
patients; six of these patients had ST segment depres- 
sion also (Table 5). All patients with exercise-induced 
ST segment elevation had coronary disease at coronary 


" angiography. 


PATTERN OF PROJECTION OF ST SEGMENT 
CHANGES 

In all 20 patients in whom recordings were made during 
exercise ST segment depression was first recorded in a 
small number of leads and increased in area as exercise 
continued. After the end of exercise, after an initial 
further increase in the number of leads with ST 
segment depression in eight (4096) patients, the area 
decreased. The first lead with ST segment depression 
was invariably the lead with the most severe ST 
segment depression at peak exercise and the same lead 


Table3 Number of times ST segment elevation was recorded in 
each precordial lead immediately after exercise in 200 patients 


Row A B C D 


l 18 17 11 I 
2 22 20 13 l 
3 li 15 8 I 
4 3 7 5 0 


Table 4 Number of times false positive ST segment depression 
was recorded in each precordial lead immediately after exercise in; - 





four patients 

Row Á B C D 
1 0 H 0 0 
2 6 l 2 2 
3 9 3 3 1 
4 I 3 3 i 


Table5 Number of times ST segment elevation was recorded in 
each precordial lead immediately after exercise in eight patients 
without previous myocardial infarction 





Row A B C D 
l 8 4 0 0 
2 8 3 0 0 
3 4 0 0 0 
4 1 0 0 0 
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Table6 Number of times ST segment changes were confined to 

individual vertical or horizontal rows 

Row ST segment ST segment elevation ST segment elevation 
depression wih past myocardial without past myocardial 

infarction infarction 

À 0 0 2 

B 6 l 0 

C 20 0 0 

D I 6 6 

l 3 6 l 

2 l 0 0 

3 2 2 0 

4 4 6 g 


was the last to return to normal. An example is shown 
in Fig. 2. 

Analysis of the ST segment projection immediately 
after the end of exercise in 200 patients showed that on 
only five occasions was the ST segment alteration con- 
fined to one lead (those were C2, C3, C4, B3, B4). The 
number of times ST segment alterations were confined 
to one of the horizontal or vertical rows is shown in 
Table 6. Though ST segment changes in vertical row A 
occurred 29 times, on no occasion was ST segment 
depression confined to this row. In two patients ST 
segment elevation was seen only in row A. 


Discussion 


In 1932, Wolferth and Wood? described the first chest 
lead that proved of value in clinical medicine and their 
work stimulated clinical interest in precordial leads. 
They obtained a recording which they called the fourth 
lead (lead IV) by placing the left arm electrode over the 
apex of the heart and connecting the galvanometer to 
the lead III circuit. After this many other new leads 
were introduced including those based on the concept 
of the "exploring" electrode and "indifferent" 
electrode, as described by Wilson and his associates.!? 
Many different areas were suggested for the exploring 


7 electrode, but the majority were over the anterior 


surface of the chest, particularly over the area of the 
heart. By convention the exploring electrode was 
arbitrarily placed in the standard six positions now 
used, connected through a central terminal.!? Thus, 
there followed the CT 1-6 series of leads which, for 


' convenience, were labelled V1-6 as presently used. In 


almost 50 years which have followed there has been no 
study investigating the relative merits of these standard 
lead positions in identifying ST segment abnormalities. 
In recent years there has been a surge of interest 
in non-invasive diagnosis in cardiology, and, in 
particular, exercise tesüng and ambulatory monitoring 
are being used with increasing frequency.!! !? If we are 
to make optimal use of these techniques, however, it is 
necessary to know much more about the projection of 
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During Exercise 





Control 1 minute 


After Exercise 








2 minutes 


Fox, Deanfield, Ribero, England, Wright 





3 minutes Peak Exercise 





10 minutes 


5 minutes 


z2mm 


Fig. 2 A sequence of contour maps has been drawn of the projection of ST segment depression on to the front of the 
chest in a single patient. The first leads in which ST segment depression was recorded were those with the most severe 
ST segment depression at peak exercise and the last to return to normal after exercise. 


ST segment abnormalities on to the front of the chest. 
Whether only a single lead or multiple leads are used 
for the exercise test, it is necessary to have some 
concept of the pattern and distribution of ST segment 
changes in patients with ischaemic heart disease; the 
same holds true particularly in ambulatory monitoring 
where there are only two exploring electrodes available. 

We have studied the projection of ST segment 
changes during and after a maximal exercise test using 
16 precordial leads arranged over the left hemithorax in 
a matrix. The ST segment projects on to the front of the 
chest during exercise in a uniform manner. The area 
(that is number of leads involved) increases as exercise 
progresses and then shrinks after exercise in a 
reciprocal fashion. In a substantial number of patients 
the area continues to increase for up to three minutes 
after exercise before decreasing. The lead that first 
shows the ST segment depression is almost invariably 
the lead in which the most severe ST segment 
depression is found and the last in which it disappears. 
This suggests that ischaemia starts in one site, increases 
in area as the provocation continues, and then 
afterwards gradually recedes. The use of multiple leads 
arranged in a matrix will therefore have advantages in 


determining the effects-of interventions over the ^ 
conventional, arbitrarily placed chest leads. 

This study has shown that ST segment depression in 
an exercise test will project over the front of the chest in 
a pattern that is individual to each patient. The pro- 
jection will be related to the site, severity, and extent of 


. ischaemia in each patient and be modified by a number 


of non-cardiac factors, that is chest size and shape, 
resistance of tissue between the heart and chest wall, 
etc. Projection of ST segment depression involving the 
standard leads of the electrocardiogram was seen to 
represent only 4196 of the total projection; and ST 
segment elevation to represent 42%. In 31% maximal 
ST segment alteration was projected outside the area 
subtended by the standard leads and in 1996 there were 
no ST segment alterations in the two standard positions 
usually selected for 24 hour monitoring. 

Ambulatory monitoring of ST segments is per- 
formed using recorders that have two exploring elec- 
trodes; usually these are placed in an anterior (V5) and 
inferior site. Failure to record ST segment changes in 
patients complaining of chest pain may thus mean that 
the wrong site has been selected for placing the 
exploring electrode. Previous studies have shown that 


Precordial exercise testing 


to obtain the maximal information from ST segment 
ambulatory monitoring it is necessary to record not 
only froma site where ST segment depression 1s known 
to occur but where it occurs maximally. Moving one or 
both of the exploring electrodes to a more superior 
position of our 16 lead matrix in subsequent recordings 
may then provide diagnostic information-that other- 
wise would have been missed. 

Almost all electrocardiograph machines used for 
exercise testing have three recording channels. In this 
study we have analysed the precordial projection to 
determine if a matrix arrangement can-be maintained 
in such a way that the recording could be performed 
with a three channel electrocardiogram machine 
without loss of important data. Row A was involved in 
35% of the total projection of ST segment elevation and 
2% of the total projection of ST segment depression. In 
only two patients were the ST segment alterations 
confined to this row and in none was ST- segment 
depression seen only'in this row. We, therefore, 
recommend that a precordial mapping system could be 
satisfactorily obtained using 12 precordial leads (rows 
B, C, and D). Recording of the limb leads should also 
be performed: since, though inferior changes are 
usually projected to the bottom row of the map, 
recording the inferior limb leads would ensure no 
information is lost. 

In. 1967 Mason and his colleagues!! introduced the 
standard 12 leads into exercise testing. We now 
recommend that an 18 lead system using 12 precordial 
leads arranged as a matrix has important advantages, 
particularly as it allows the precordial projection of ST 
segment changes to be evaluated in each individual 
patient. This may be undertaken without requiring any 
new equipment other than a switching box and a little 
extra effort in placing the electrodes. 
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Precordial ST segment depression in patients with 
inferior myocardial infarction: clinical implications 


JSGELMAN,ASALTUPS 
From the Cardiology Unit, Prince Henry's Hospital, Melbourne, Australia 


SUMMARY A prospective assessment of precordial ST segment depression in acute inferior myocardial 
infarction was made comparing clinical characteristics, and the hospital and post-hospital course. One 
hundred and ten consecutive patients with inferior infarction and without previous infarction were 
allocated to three electrocardiographic groups. Group 1 consisted of 35 patients with inferior or 
inferolateral infarction without precordial ST depression. Group 2 consisted of 59 patients with 1 mm 
or more precordial ST depression, subdivided into 36 patients with transient ST depression (2t) and 23 
patients with ST depression persisting for 48 hours or more after the admission electrocardiogram (2p). 
Group 3 had 16 patients with definite inferoposterior or inferoposterolateral infarction. Patients in 
group 2 were older than those in group 1, had higher peak creatine kinase levels, and had atrial 
fibrillation and atrioventricular block requiring treatment more frequently. These clinical differences 
were largely contributed by subgroup 2p. Compared with group 1, subgroup 2p contained relatively 
more women and there were more instances of ventricular fibrillation and left ventricular failure. The 
hospital stay was longer in this subgroup. Compared with group 3, patients in group 2p were older, had 
a greater proportion of women, and were more commonly previously hypertensive. Patients in 
subgroup 2t had higher creatine kinase levels and more frequent atrioventricular block than those in 
group 1. Differences in hospital mortality and in other clinical features were not significant among the 
groups. During a mean follow-up period of 17 (12 to 32) months left ventricular failure was more 
common in subgroup 2p compared with groups 1 and 2t and recurrent infarction occurred more often 
in subgroup 2p compared with group 1. No late deaths occurred in groups 1 and 3, but three (596) 
patients in group 2 died. 

Our data show that persistent precordial ST depression in patients with inferior infarction is a 
reliable marker of an adverse hospital and post-hospital course. 


The extent of myocardial damage and the presence of 
multivessel coronary artery disease are major prog- 
nostic factors in acute myocardial infarction.! 
Precordial ST segment depression with inferior myo- 
cardial infarction may indicate ischaemia or infarction 
of the anteroseptal region, posterior left ventricular 
wall, or both. Alternatively, these changes may be 
"reciprocal" to ST changes in the inferior electro- 
cardiographic leads. Hence, identification of the sig- 
nificance of precordial ST segment depression in 
inferior infarction may have important clinical 
implications. 

Precordial ST changes in inferior infarction have 
been assessed in terms of myocardial involvement by 
nuclear scanning techniques* and coronary arterio- 
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graphic findings.? 8° The conflicting results reported 
may reflect differences in patient selection or in the 
electrocardiographic diagnosis and interpretation of 
precordial ST segment depression. In particular, the 
significance of persistent ST depression has not been 
previously examined in detail. Persistent ST 
depression, despite resolution of inferior ST elevation, 
may indicate significant ischaemia or even infarction 
rather than a reciprocal phenomenon. 

In this study of patients with inferior infarction, the 
implications of precordial ST depression are evaluated 
by comparison of clinical characteristics, and hospital 
and post-hospital morbidity and mortality. 


Patients and methods 


The study comprised 110 consecutive patients with 
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acute transmural inferior infarction, without previous 
infarction, admitted to Prince Henry's Hospital 
Coronary Care Unit, Melbourne, between April 1978 
and January 1980. 

A diagnosis of acute inferior transmural infarction 
was based on: (1) a history of prolonged chest pain 
suggesting myocardial ischaemia, occurring within 48 
hours before admission; (ii) development of patho- 
logical Q waves (71 mm deep, #0°04 s in duration) in 
electrocardiographic leads II, III, and aVF, and (iii) 
characteristic serial changes in serum levels of creatine 
kinase and lactic dehydrogenase. 

Patients with previous myocardial infarction or left 
bundle-branch block were excluded. 


ELECTROCARDIOGRAPHIC CLASSIFICATION 

All patients showed changes of transmural infarction 
(development of abnormal Q wave, ST segment 
elevation, and T wave inversion) in leads II, III, and 
aVF. | 

A diagnosis of inferolateral infarction was made 
when these abnormalities also appeared in leads V5 and 
V6. Associated posterior infarction was diagnosed 
when the electrocardiogram showed the development 
of prominent primary R waves in leads Vl and V2 
(R/S 21) with related ST depression and tall, wide, 
symmetrical T waves in leads V1 and V2. 

The electrocardiograms of patients with inferior and 
inferolateral infarction were subclassified according to 
the presence or absence of significant ST segment 
depression (=1 mm deep, 20-08 s) in at least two of the 
chest leads V1 to V4. Thirty-five patients had inferior 
or inferolateral infarction without significant pre- 
cordial ST depression (group 1). Fifty-nine patients 
had inferior or inferolateral infarction with associated 
precordial ST depression (group 2). The ST depression 
resolved within 48 hours of admission in 36 of these 59 
patients—subgroup 2t (“transient ST depression). 
Also included in this subgroup were those patients 
whose electrocardiogram showed precordial ST 
depression, but who died within the first 48 hours. Of 
the 59 patients, 23 had ST depression which persisted 


for at least 48 hours—subgroup 2p ("persistent ST. . 


depression). 
Group 3 comprised 16 patients with definite electro- 
cardiographic evidence of posterior infarction. 


FOLLOW-UP 

The follow-up period ranged from 12 to 32 months 
(mean 17 months). At the time of follow-up three 
patients (396), two from group 1 and one from group 3, 
could not be reached by letter, telephone, or through 
the local medical officer or the government statistician. 


STATISTICAL ANALYSIS 
Data are expressed as mean + SEM. Assessment of the 


statistical significance of differences between two 
electrocardiographic groups was based on the unpaired 
t test and Fisher's exact test as appropriate. À p value of 
«0-05 was considered significant. 


Results 


PATIENT CHARACTERISTICS (Table 1) 

Patients with persistent precordial ST depression (2p) 
had a mean age of 62 years, which was significantly 
older than those in all other groups (p « 0-05). 

Men predominated in all groups, except subgroup 
2p which had an almost equal sex ratio (p<0-05). 

Angina before infarction occurred with similar 
frequency in groups 1 and 2. In group 3, eight (5096) 
patients had previous angina (NS). 

Of subgroup 2p, 5296 had been hypertensive before 
hospital admission, compared with subgroup 2t 
(p<0:05) and group 3 (p«0:05). Comparison with 
group 1 did not reach statistical significance. 

The time from onset of symptoms to the initial 
electrocardiogram was similar in patient groups. 


HOSPITAL COURSE (Table 2) 

The average hospital stay for subgroup 2p was 14 days 
compared with 10 days for group 1 (p<0-05). Groups 2 
and 3 had similar periods in hospital. 

The mean peak creatine kinase level of group 2 
patients was 1779 U/1 which was significantly higher 
(p« 0:001) than that of those in group 1 (1090 U/1). 
The levels in subgroups 2t and 2p and group 3 were 
comparable and were all higher (p«0:005) than in 
group 1. 

Sinus and junctional bradycardia and paroxysmal 
supraventricular tachycardia occurred with similar 
frequency in each of the groups. Only one patient (3%) 
in group 1 developed atrial fibrillation compared with 
10 (17%) from group 2 (p«0-05). Of these 10 patients 
in group 2, seven were in subgroup 2p and three were in 
subgroup 2t (p<0-05). Two patients in group 3 had 
atrial fibrillation. Atrial flutter occurred in one patient 
(4%) from group 2p. 

Although ventricular arrhythmias (including 
ventricular fibrillation) appeared to be more common 
in group-2-thán in. group 1, this difference was not 
statistically significant. Ventricular fibrillation, how- 
ever, was significantly more common in subgroup 2 
than in group | (22% vs. 3%, p<0-05). Ventricular 
arrhythmias, including fibrillation, occurred with com- 
parable frequency in groups 1 and 3. 

Atrioventricular block, requiring intravenous 
atropine or temporary pacing, occurred in 18 patients 
(31%) in group 2 but in only one (3%) patient from 
group 1 (p<0-001). Patients in subgroups 2t and 2p 
had a similar incidence of atrioventricular block 
(2896 and 3596, respectively). Two (1396) group 3 
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Tablel Clinical characteristics 











Group | Group 2 Group 3 
Total 2 2t 2p 

Number of patients 35 59 36 23 16 
Age (y) 5442 59+ 1* 5642 62+2¢ 5443 
Male:female 5:1 2:1 4:1 klt 7:1 
Past angina 8 (23%) 15 (2596) 8 (22%) 7 (3096) 8 (5096) 
Past hypertension 10 (29%) 21 (36%) 9 (25%) 12 (52%) 3 (19%) 
Time from onset of 

symptoms to initial 

electrocardiogram (h) 8+2 5+1 5t] 542 34] 
*p < 0°05. 
tp«0 01. 
tp < 0:005. 


p value in Tables 1—3 refers to the difference between group | and group indicated. 


Table2  Hospttal course 

















Group ! Group 2 Group 3 
T'otal 2 2t 2p 
Hospital stay (d) 1041 13+] 12+} 14+2* 12+1 
eak creatine kinase 1090 17791 1798} 17744 1794} 
(normal «220 U/l) +112 +112 3:149 +161 £238 
Atrial fibrillation 13%) 10 7%)* 3 (8%) 7 (30%)t 2 (13%) 
Ventricular arrhythmias 
needing treatment 19 (54%) 40 (68%) 26 (72%) 14 (6196) 8 (50%) 
Ventricular fibrillation 1 (3%) 9 (15%) 4 (1196) 5 (22%)* 1 (6%) 
Atrioventricular block 
needing treatment 1 (3%) 18 (31%)** 10 (2896) 8 (35%)t 2 (1396) 
Left ventricular failure 
Mild 8 19 8 11* 3 
Moderate i 6 1 5* 3 
Severe 1 2 2 — l 
Total 10 (29%) 27 (46%) 11 (3196) 16 (7095) 7 (4495) 
Further infarction 2 (6%) — — — — 
Death t (3%) 5 (8%) 2 (6%) 3 (13%) 2 (13%) 
*p«0'005. 
$p<0-005. 
**p«0-001. 
Table3 Follow-up data 
Group 1 Group 2 Group 3 
Total 2 2t 2p 
Hospital survivors 34 54 34 . ` 20 14 
Angina pectoris 12 (3594) 19 (35%) 16 (48%) 3 (1596) 4 (2994) 
Coronary graft surgery 
for severe angina 2 2 l l l 
Supraventricular arrhythmias — 4 3 1 — 
Ventricular arrhythmias 
needing treatment 1 3 2 1 — 
Left ventricular failure 2 (6%) 14 (26%)* 5 (15%) 9 (45%) t 3 (21%) 
Recurrent infarction 
Anterior — 4 2 2 — 
Lateral | 2 i I — 
Uncertain site — 2 I l — 
Tot 13%) 8 (1596) 4 (1296) 4 (2096)* — 
Death — 3 (696) 1 (396) 2 (1096) — 
*p«0'05. 


tp 0-005. 
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patients had atrioventricular block needing treatment 
(NS). 

Left ventricular failure was graded as mild, 
moderate, or severe. 

Mild left ventricular failure was diagnosed in the 
presence of basal pulmonary crepitations not cleared 
with coughing, a third heart sound, and radiological 
pulmonary venous congestion. Moderate > left 
ventricular failure was defined by the presence of the 
above signs, radiological interstitial or alveolar oedema, 
and a normal blood pressure. A diagnosis of severe left 
ventricular failure was made when the features just 
described were accompanied by arterial hypotension 
requiring inotropic support. 

Cardiac failure developed in 10 (29%) group 1 and 27 
(46%) group 2 patients (NS). Of the latter 27 patients, 
16 (59%) were in subgroup 2p. The occurrence of left 
ventricular failure in 70% of this subgroup was more 
than twice that in group | (p<0-005) and in subgroup 
2t (p«:0:005). Seven patients (44%) in group 3 had left 
ventricular failure (NS). 


Hospital deaths 

One (396) group 1 patient, a 69 year old woman with 
inferolateral infarction who developed cardiogenic 
shock, died within 24 hours of admission. 

Five (896) group 2 patients died who were older than 
60 years, and three of whom were women. Two had 
cardiogenic.shock, one had left ventricular rupture, 
one had severe mitral regurgitation and ventricular 
arrhythmias with cardiac failure, and one had intract- 
able ventricular fibrillation. 

Both (1396) group 3 patients who died were older 
than 70 years and were men. One developed cardio- 
genic shock and the other bronchopneumonia, on a 
background of ventricular arrhythmias, mitral regurgi- 
tation, and probable right ventricular infarction. 


FOLLOW-UP DATA (Table 3) 

Angina pectoris after discharge from hospital occurred 
with similar frequency in groups 1, 2, and 3. Of 
patients from subgroup 2t, 4896 developed angina 
compared with 17% from subgroup 2p (p«0:05). Of 
the 31 group 1 and 2 patients who developed angina, 12 
(39%) had angina before the infarction. All four group 
3 patients with post-infarction angina had pre-existent 
angina. 


Coronary anatomy 

Disabling angina was investigated by coronary 
arteriography in seven patients (two from group 1, four 
from group 2, and one from group 3). All seven had 
significant narrowing (275% luminal diameter 
reduction) in a dominant right coronary artery. Disease 
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was confined to this artery in two patients (both 


. subgroup 2t) and operation was not recommended. 


Two patients (one from group 1, the other from group 
3) had additional disease in the left anterior descending 
and left circumflex arteries, respectively. Triple vessel 


_diséase was found in the remaining three patients (one 


from group | and two from subgroup 2p). These five 
patients (two with double and three with triple vessel 
disease) were considered suitable for surgery and 
underwent aortocoronary bypass three to 31 months 
(mean 20 months) after the inferior infarction. 

Three patients who died during the initial hospital 
admission had triple vessel disease, demonstrated at 
necropsy in two cases and by coronary arteriography 
perforrned because of severe acute mitral regurgitation 
and cardiac failure in the remaining one. 

No correlation was found between the pattern of 
coronary disease and electrocardiographic criteria in 
this small select group. 

Arrhythmias occurring after leaving hospital and 
which required treatment were documented in one 
(396) group 1 patient and seven (4496) group 3 patients 
(NS). 


Follow-up electrocardiograms 

Features of previous inferior infarction were present in 
all electrocardiograms, except two which had returned 
to normal. There was electrocardiographic evidence of 
further infarction in seven patients. Among subgroup 
2p patients, precordial ST depression had resolved in 
all but one patient. 

Ás frequent electrocardiograms were not recorded 
routinely during the follow-up period, the exact time of 
resolution of the ST segment depression is not known. 

Cardiac failure developed in two patients (696) from 
group | and 14 (26%) patients from group 2 (p<0°05). 
Groups 2 and 3 had a similar incidence of cardiac 
failure. Nine (39%) patients in subgroup 2p were found 
to have cardiac failure. This incidence was significantly 
higher (p=0-02) than that for groups 1 and 2t. 
Comparison with the incidence of 23% in group 3 
patients was not significantly different. 

Myocardial infarction occurred in one (396) group 1 
patient and eight (14%) group 2 patients (NS). Of the 
eight group 2 patients, four were from subgroup 2p. 
Recurrent infarction developed in 2096 of subgroup 2p 
compared with 396 of group 1 (p« 0:05). 

There were no deaths at the time of follow-up among 
the 32 (94%) group 1 hospital survivors. Two patients 
were lost to follow-up. There were three deaths (696) 
among group 2 hospital survivors. Two were associated 
with further myocardial infarction and one with 
respiratory failure caused by emphysema. All group 3 
hospital survivors were alive at follow-up. One patient 
could not be traced. 
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Discussion 


The modern trends in management of acute 
myocardial infarction include early identificatior of 
patients at high risk of subsequent coronary events. A 
more aggressive therapeutic approach aiming to 
preserve myocardial function and improve long term 
prognosis may be offered to such patients. This 
approach, however, poses serious logistic problems in 
many busy cardiology departments. Our findings 
suggest that patients at high risk after acute inferior 
infarction can be identifed by simple 
electrocardiographic criteria. 

Precordial ST segment depression in our patients 
with inferior infarction was associated with older age, 
higher creatine kinase levels, more frequent atrial 
fibrillation, significant atrioventricular block, and 
post-hospital cardiac failure. Other studies have shown 
higher creatine kinase levels and depressed ejection 
fraction in patients with acute inferior infarction and 
precordial ST depression.‘ 5 7 Croft and colleagues’ did 
not evaluate clinical variables, but found no difference 
in ejection fraction. We have been unable to find any 
previous publications on long term clinical evaluation 
of these electrocardiographic changes. - 

The time delay between onset of.symptoms and the 
admission electrocardiogram was similar for groups 1 
and 2. Therefore, precordial ST depression and its 
clinical implications could not be explained by 
differences in the times of electrocardiographic 
recording. 

Analysis of the persistence of precordial ST 
depression has clearly defined an important clinical 
subset. Those patients in whom precordial ST 
depression was present for at least 48 hours after 
admission to hospital contributed much of the 
morbidity and mortality of group 2. 

Infarct size, as assessed by peak creatine kinase 
levels, was similar in subgroups 2t and 2p. Left 
ventricular failure (acute and chronic) and atrial 
fibrillation, however, were more common in the latter 
subgroup. There are two possible explanations. First, 
patients with persistent precordial ST depression had a 
significantly higher incidence of past hypertension 
which may have led to some degree of impairment of 
underlying myocardial performance. Myocardial 
infarction in this setting may result in a greater 
tendency to left ventricular failure and atrial 
fibrillation. Secondly, persistent precordial ST 
depression may represent significant myocardial 
ischaemia either adjoining or remote from the region of 
inferior infarction. This could contribute to ventricular 
dysfunction and atrial fibrillation without necessary 
affecting creatine kinase release. 

Although persistent ST depression was associated 
with an adverse clinical course, even transient 
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precordial ST depression correlated with higher peak 
creatine kinase levels and more frequent occurrence of 
atrioventricular block requiring treatment. Therefore, 
transient ST depression should not be dismissed as 
merely a “reciprocal” event. 

There was a low occurrence of post-infarction angina 
in subgroup 2p compared with subgroup 2t. This 
observation is difficult to explain. The significantly 
higher incidence of symptomatic left ventricular failure 
in subgroup 2p, however, may have resulted in reduced 
exercise capacity manifest as dyspnoea rather than 
chest pain. 

Although the groups were small, the patient 
numbers were sufficient to show statistically significant 
differences between groups 1 and 2. A larger number of 
patients in group 3 may have disclosed other significant 
differences among the groups. 

Exercise stress testing, nuclear scanning, and 
coronary arteriography were not routinely performed 
since the study was designed to assess the clinical rather 
than the anatomical significance of precordial ST 
depression. It is of interest, however, that anterior 
transmural infarction developed in four (7%) group 2 
patients but in none from groups 1 or 3. Furthermore, 
though comparison of subgroup 2p and group 3 
(*true" posterior infarction) did show similar creatine 
kinase levels, there were major differences in patient 
characteristics. 

Whatever the anatomical correlations of precordial 
ST segment depression in inferior infarction, the study 
has clearly shown a reliable marker of an adverse 
hospital and late clinical course. 
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Complete transposition of great arteries with 
coarctation of aorta 
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SUMMARY Complete transposition of the great arteries with ventricular septal defect and coarctation 
or atresia of the aortic arch is a relatively rare anatomoclinical entity and in general not well 
understood. This association accounted for six out of 50 cases (1296) of our clinical experience and six 
out of 64 cases (9%) of the post-mortem series of complete transposition. Relevant clinical 
manifestations were cyanosis, early and pronounced congestive heart failure, with a decrease in 
amplitude of femoral pulses and, in the most severe cases, isolated left ventricular hypertrophy on the 
electrocardiogram. Inlet or outlet right ventricular obstruction and pulmonary artery dextroposition 
are the pathological substrates of unequal partitioning of the blood stream iñ favour of the pulmonary 
artery and ductus arteriosus, probably accounting for fetal underdevelopment of the aortic arch. The 


medical and surgical prognosis of these cases is definitely poor. 


Obstructive lesions of the aortic arch are usually 
associated with concordant atrioventricular and ventri- 
culoarterial connection. They may, however, also be 
present in complete transposition of the great arteries 
(discordant ventriculoarterial connection with atrio- 
ventricular concordance), but they have only spora- 
dically been described in the published reports.’ 

It is the purpose of this paper to report our 
experience with patients affected by complete trans- 
position of the great arteries and coarctation of the 
aorta. The clinicopathological features of these cases 
are sufficiently distinctive to indicate that this complex 
of malformations is a real and not so.rare anatomo- 
clinical entity. 


Subjects 


Among 50 consecutive cases of complete transposition 
of the great arteries seen at the Pediatric Department of 
the University of Padua, between June 1975 and June 
1980, six (12%) were found to have obstructive lesions 
of the aortic arch. There were five male and one female 
patient (Table 1), varying in age from 1 to 55 days 
(mean 18 days). In three the diagnosis was made by 
cardiac catheterisation and angiocardiography, five 
died (cases 1 to 5, Table 1) and came to necropsy, one is 
still alive (case 6, Table 1). Reviewing our anatomical 
collection, another specimen (case 7, see Table 3) was 
found with this association. The incidence in our 
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necropsy series was 996 (six out of 64 hearts with 
complete transposition of the great arteries). Only 
those cases were considered with the pulmonary artery 
arising mostly (75096) from the left ventricle and with 
the aorta arising entirely from the right ventricle; 
accordingly cases with double outlet right ventricle 
were excluded. 


CLINICAL FEATURES 

The clinical data are summarised in Table 1. All six 
patients presented with signs of congestive heart 
failure and cyanosis; in three the brachial and femoral 
pulses were equal and normal in amplitude, while in 
the others the femoral pulses were either absent or very 
weak; differential cyanosis was never observed. 

In the electrocardiogram two out of six showed 
isolated left ventricular hypertrophy (Fig. 1, case 2) 
and two had biventricular hypertrophy; in one there 
was right ventricular hypertrophy and in the sixth the 
electrocardiogram was normal, when first seen at 1 day 
of age. 

The chest x-ray showed cardiothoracic ratio varying 
from 0°58 to 0-78 and increased pulmonary vascularity 
in all the patients. An M-mode echocardiogram was 
recorded in one instance (Fig. 2, case 3): the right 
ventricular dimension was reduced; there were two 
atrioventricular valves with continüity between the 
posterior one and the pulmonary artery; the anterior 
great artery (aorta) was decreased in diameter. 

Three patients (cases 4 to 6) underwent cardiac 
catheterisation (Table 2). The oxygen saturation 
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Fig. 1 Case 2. Electrocardiogram, showing a QRS axis 
of 30^, left ventricular hypertrophy, and underdevelopment 
of the right ventricular electrical forces. 





Fig. 2 Case 3. M-mode echocardiogram showing 
decreased right ventricular dimension and 
mitropulmonary continuity. The anterior wall of the 
pulmonary artery 1s entirely aligned with the 
interventricular septum. 

Abbreviations: row, right ventricular wall; RVOT, 
right ventricular outflow tract; p.a., pulmonary 
artery; LA, left atrium; RV, right ventricle; LV, left 
ventricle; mv, mitral valve. 





Table 1 Clinical data 








Case Sex Age Cvanosiss CHF Femoral Electrocardiogram X-ray 
No. on admission pulses ————————————— 
LVH RVH C/T Pulmonary 

vascular markings 

I M ld N 3 Very weak Yes No 0:65 1 

2 M 6d |" 3° Absent Yes No 0-78 11 

3 M 15 d 3 2* Normal Yes Yes 0:60 i 

4 M 55d 1 2° Normal No Yes 0:60 T 

5 F 30 d 2* 3 Normal Yes Yes 0:67 i 

6 M l d 2* P Weak No No 0-58 j 

7* M 5 mth — — — — — — — 





*Other clinical data not available. 
Abbreviations: LVH, left ventricular hypertrophy; RVH, right ventricular hypertrophy; C/T, cardiothoracic ratio; CHF, congestive heart 
failure. 
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Table 2 Cardiac catheterisation data 
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Pressure (mmHg 





Case RA RV Ascending Descending LA 

No. M S/D aorta aorta M 
S/D M S/D M 

4 6 80:15 70/35 20 
50 

5 8 70/10 88/45 78/20 8 
60 4) 

6 3 80.4 80/40 5 
60 





After Rashkind procedure 











LV PA — — 
SD S; D M RA LA 
M M 
70/15 75/35 10 13 
$5 
65/10 75/25 
25 
Ü 0 





showed a significant left-to-right shunt at the ventricu- 
lar level in all of them. Pulmonary arterial hyper- 
tension was present in the two cases (cases 4 and 5) in 
which the pulmonary artery was entered; in only one 
case (case 5) was the descending aortic pressure 
obtained, showing a systolic gradient of 10 mmHg 
between ascending and descending aorta. In this case 
aortography showed a “stop” of the contrast medium 
at the aortic isthmus (Fig. 3a), which was interpreted 
as an atresia of the aortic arch, whereas the surgeon 
found a distinct coarctation. In all three patients a 


a 


diagnosis of transposition of the great arteries with 
ventricular septal defect was made by right and left 
cineventriculography; in one (case 4) the coarctation of 
the aorta was not recognised clinically or at 
angiography. 

In all the patients but one (case 6) the response to 
anucongestive treatment was poor. Cases | and 2 died 
three days and a few hours, respectively, after admis- 
sion; case 3 died at 40 days of age with superimposed 
severe bilateral bronchopneumonia. Of the three 
catheterised patients, one (case 4) died of cerebral 





Fig. 3 Case 5. (a) Ascending aortography shows tubular hypoplasia of the aortic arch with complete interruption of the contrast 
medium at the level of the aortic isthmus. (b) The right ventricular view of the heart specimen discloses a subaortic 

infundibular stenosis caused by rightward displacement of the infundibular septum (IS), moderate dextroposition of the pulmonary 
artery (PA), and the subpulmonary ventricular septal defect (VSD). Note the pulmonary banding and the surgically attempted 


relief of the aortic arch obstruction. 
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O., Saturation (%) 


After Rashkind procedure 








SVC RA RV Ascending Descending LA LV PA PV RV Ascending 
aorta aorta aorta 

53 55 72 68 9] 

70 75 84 94 98 95 90 96 

20 18 29 36 83 75 90 72 


— UU ————————M — — — — — — —— — M ái —— i À — 


Abbreviations: RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle; PA, pulmonary artery; SVC, superior vena cava; 
M, mean pressure; S/D, systolic/diastolic pressure; PV, pulmonary vein 


haemorrhage five days after operation (persistent 
ductus arterious ligation plus pulmonary artery band- 
ing); another (case 5) died at 2 months of age, 48 hours 
after operation (resection of coarctation with end to 
end anastomosis of the aorta, pulmonary artery band- 
ing, and persistent ductus arteriosus ligation); the 
third (case 6) is the only patient who has survived and is 
now awaiting operation after a second cardiac cathe- 
terisation. 





NECROPSY FINDINGS 

The most relevant observations at necropsy are 
reported in Table 3. Visceroatrial situs solitus, laevo- 
cardia, atrioventricular concordance, and ventriculo- 
arterial discordance were present in all the cases. The 
ascending aorta was small and the pulmonary artery 
large, the ratio between the diameters of the pul- 
monary artery and ascending aorta being more than 
1:5:1 in three cases. Patent or closing ductus arteriosus 





Fig. 4 Case 2. (a) The right ventricle has a hypoplastic trabecular component and an obstructed aortic outflow resulting from 
anterior deviation of the infundibular septum (IS). Note the extreme dilatation of the pulmonary artery (PA) when compared 
with the small ascending aorta (AO). (b) The view from the left ventricle shows the ventricular septal defect (VSD) caused by 
infundibuloventncular malalignment and mild dextroposition of the pulmonary artery. Note the atretic aortic arch (arrow) 


between the left carotid and left subclavian artery 
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Table 3 Necropsy findings 





Case PA/Ao Right venincle VSD % PA Aortic PDA 
No.  dimeter Inflow Trabecular Outflow dextroposition arch 
ratio portion obstruction 
l 17:1 Normal Moderate Normal! Subpulmonary 40% Atresia Large 
hypoplasia malalignment type A* 
2 2:1 Normal Severe Subaortic Subpulmonary 10% Atresia Large 
hypoplasia — stenosis malalignment type B* 
3 1:2:1 Normal Normal Normal Subpulmonary 20% Preductal Closing 
malalignment coarctation . 
4 “322 Normal! Moderate — Subaortic Subpulmonary 15% Tubular Closingt 
hypoplasia stenosis malalignment hypoplasia 
5 L5:1 Normal Normal Subaortic Subpulmonary 30% Preductalt Closingt 
ét stenosis malalignment coarctation 
7 2:1 Very Severe Moderate Perimembranous | — Atresia Closing 
stenouc hypoplasia hypoplasia VSD type A* 





*Celoria and Patton classification." 
TSurgical observation. 
1Case 6 is still alive. 


Abbreviations: PA, pulmonary artery; Ao, ascending aorta; VSD, ventricular septal defect; PDA, persistent ductus arteriosus 


was observed in four cases, while in two it had been 
surgically ligated. The aortic arch appeared atretic in 
three instances, type A of Celoria and Patton* in two 
and type B in one; preductal coarctation was present in 
two and tubular hypoplasia in one. All specimens had 
an associated ventricular septal defect. In five the 
defect was subpulmonary because of infundibulo- 
ventricular malalignment and the pulmonary artery 
was dextroposed, its origin from the right ventricle 
varying from 10 to 40% (Fig. 3b, 4). In three of these 
the infundibular septum showed an anterior displace- 
ment, creating subaortic narrowing. The right ven- 
tricle was underdeveloped in three hearts, mostly in its 
trabecular component. 





Fig. 5 Case 6. (a) External view of the heart showing severe hypoplasia of the aortic arch with preductal coarctation (arrow), 


In the sixth specimen, instead, the ventricular septal 
defect was small, perimembranous, and the pulmonary 
artery arose entirely from the left ventricle. The 
tricuspid valve appeared very stenotic and the right 
ventricle extremely hypoplastic (Fig. 5). 

In all the cases mitro-pulmonary fibrous continuity 
was present. 


Discussion 


Complete transposition of the great arteries is usually 
classified into three physiological clinical entities: (1) 
simple transposition of the great arteries with intact 
ventricular septum characterised by conspicuous 
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hypoplastic ascending aorta (AO), and dilated pulmonary artery (PA). (b) View of the opened right atrium showing that the 
tricuspid orifice is very small (arrows) compared with the fossa ovalis (FO). The foramen ovale ts restrictive and the superior 


(SVC) and inferior (IVC) vena cavae are dilated. 


>. 
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hypoxia, caused by lack of mixing between pulmonary 
and systemic circulation; (2) transposition of the great 
arteries with large ventricular septal defect in which 
signs of congestive heart failure predominate in the 
clinical picture; and (3) transposition of the great 
arteries with ventricular septal defect and pulmonary 
stenosis in which cyanosis is prominent, caused by 
decreased pulmonary blood flow, and the clinical 
findings parallel those in infants with tetralogy of 
Fallot.' 

The syndrome of coarctation of the aorta in trans- 
position of the great arteries has been considered 
extremely rare* and, accordingly, has never received 
sufficient attention. Our experience, together with 
other recent reports,? ? suggest that aortic arch anoma- 
lies are not so rare and the clinical manifestations and 
the pathological findings of this association are suffi- 
ciently distinctive as to be considered a separate 
nosographic entity among transposition of the great 
arteries. 

Besides the presence of transposition of the great 
arteries and obstruction of the aortic arch, the follow- 
ing morphological features delineate this anatomical 
complex: (a) ventricular septal defect, always present, 
mostly subpulmonary and associated with dextro- 
position of the pulmonary artery; (b) mild to moderate 
right ventricular underdevelopment mainly of the 
trabecular component; and (c) right ventricular inflow, 
rarely, or outflow, more frequently, obstruction 
(caused by tricuspid stenosis or infundibular subaortic 
stenosis, respectively). Usually, the lower part of the 
systemic circulation is ductus-dependent. 

From the clinical standpoint, cyanosis, early and 
severe congestive heart failure, and decreased am- 
plitude of the femoral pulses characterise most of these 
patients. This picture of coarctation of the aorta in 
transposition of the great arteries is often associated 
with the presence of left ventricular hypertrophy on 
the electrocardiogram, either isolated (2/6) or com- 
bined with right ventricular hypertrophy (2/6). It is 
noteworthy that isolated left ventricular hypertrophy 
was observed just in those two cases with an atretic 
aortic arch and moderate to severe right ventricular 
hypoplasia. The decreased right ventricular electrical 
forces and the pressure and volume overload of the left 
ventricle account for this paradoxical electrocardio- 
graphic pattern in transposition of the great arteries. 

Anterior displacement of the infundibular septum, 
as seen in three of our cases, has been suggested as a 
cause of subaortic stenosis in transposition of the great 
arteries, and obstruction of the aortic arch has also 
been described.’ ° © Unequal partitioning of the blood 
flow between the aorta and pulmonary artery in the 
presence of a ventricular septal defect may be 
advocated as the fetal pathogenetic mechanism for the 
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underdevelopment of the aortic arch, as postulated for 
aortic arch anomalies in normally related great 
arteries." Preferential blood streaming toward the 
pulmonary artery and ductus arteriosus may also be the 
result of inlet obstruction of the right ventricle, as in 
our case 7, or of dextroposition of the pulmonary 
artery, as in double outlet right ventricle with 
subpulmonary ventricular septal defect (Taussig- 
Bing), which is often associated with coarctation or 
interruption of the aorta. 

In conclusion, we believe that, among transpositions 
of the great arteries, the form with aortic arch obstruc- 
tion merits being viewed as a distinct physiological 
clinical type because it is relatively frequent and its 
pathological anatomy is distinctive. 

This type of transposition is unfortunately asso- 
ciated with a worse clinical and surgical prognosis than 
is now the case in the other three major types. 
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Accuracy and reliability of two indirect ambulatory 
blood pressure recorders: Remler M2000 and 
Cardiodyne Sphygmolog 
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SUMMARY The Remler M2000 and Cardiodyne Sphygmolog are semiautomatic recorders designed to 
measure ambulatory blood pressure non-invasively. These recorders were assessed for accuracy and 
reliability in a study designed in three stages. Firstly, the interdevice variability was assessed separately 
for each type of recorder by comparing the recordings of three devices against each other and against 
simultaneous recordings by a mercury standard in 12 patients, multiple recordings being made in a 
random order in each patient. The mercury standard used was the London School of Hygiene (LSH) 
sphygmomanometer and the Hawksley random zero sphygmomanometer during assessment of the 
Remler and Sphygmolog, respectively. Though there were no differences between the three Remler 
recorders tested, one Sphygmolog recorder gave higher recordings than the two other Sphygmolog 
recorders tested because of a zero drift of 3 to 4 mmHg in the pressure transducer. Remler recordings 
were higher than simultaneous LSH sphygmomanometer recordings for both systolic and diastolic 
pressures. In the second part of the study, the Remler was compared with the Hawksley using 
simultaneous recordings in the same arm in 58 patients. No difference was found between Hawksley 
and Remler recordings. The discrepancy between this and the Remler-LSH comparison resulted from 
a tendency for the LSH sphygmomanometer to underestimate blood pressure. Similarly, the 
Sphygmolog recordings were compared with simultaneous Hawksley recordings in 100 patients. No 
significant difference was found between paired systolic pressure recordings though Sphygmolog 
recordings underestimated diastolic blood pressure. In the third part of the study, the reliability of the 
Remler was assessed from 69 attempted day recordings. Five Remler day recordings failed, a major 
cause of lost recordings being a defect in the microphone lead. The reliability of the Sphygmolog was 
compared with the Remler by attempting day recordings with each device in 13 patients. The 
reliability of the Sphygmolog was significantly poorer, only five of 13 Sphygmolog day recordings 
being decodable because of dislodgement of the recording disc during ambulation. 


Single clinic recordings may not reflect the blood 
pressure behaviour of many patients. Therefore, 
methods of assessing blood pressure behaviour outside 
the clinic have been developed and include home 
recording by the patient*? or a relative, and intra- 
arterial! and indirect ambulatory recording.? ? 
Intra-arterial recording is an invasive procedure 
which is not without risk.? Home recording may be 
inaccurate because of patient  bias.!? 
ambulatory blood pressure recording should be free of 
these disadvantages but there have not been many 
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Indirect . 


studies on the accuracy of the recorders that are now 
available. ! 

In this paper we present our findings on the accuracy 
and reliability of two ambulatory blood pressure 
recorders, the Remler M2000 and Cardiodyne 


Sphygmolog. 


Methods and results 


"The Remler M2000 is a portable blood pressure 


recorder consisting of a cuff and microphone con- 
nected to a pressure transducer and microcassette 
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Ambulatory blood pressure recorders 
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Fig. 1 The Remler M2000 (nghi 
and decoder (left) with example of 


pressure recording on the strip chart 
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recorder worn on the patient's waist (Fig. 1). The cuff 
is inflated by the patient at prescribed intervals and 
deflates automatically. During deflation the Korotkoff 
sounds and cuff pressure are recorded on a magnetic 
tape. The tape is later analysed through a separate 
decoder which gives a strip chart recording of the 
sounds superimposed on a tracing of cuff pressure (Fig. 
1). The pressures corresponding to the first and last 
sounds are recorded as the systolic and diastolic end- 
points, respectively. As weaker sounds may not deflect 
the pen in the decoder an observer listens to the tape 
during decoding and marks on the pressure tracing the 
position of the first and last sounds. Pen deflections 
caused by artefacts can be excluded at the same time. 

The Cardiodyne Sphygmolog also consists of a 
sphygmomanometer cuff which is inflated by the 
patient and which deflates automatically through a 
needle valve (Fig. 2). The cuff pressure is monitored by 
a pressure transducer which drives a pen suspended 
over a paper disc. The Korotkoff sounds are detected 
by a microphone placed beneath the lower cuff margin 
and are recorded on to the paper disc by the pen as it 
moves across the disc. As the disc is calibrated for 
pressure, the first and last pen marks are recorded as 
the systolic and diastolic point, respectively. The paper 
disc is driven by a clockwork mechanism and revolves 
once in 24 hours. In this way, a real-time recording of 
daily blood pressures is made. Furthermore, the blood 
pressure recordings are read directly from the disc, so 
that a separate decoder or analyser is not required. 

For each instrument three devices were tested to 
detect interdevice variability, a source of possible error 
in automated devices!! which may bias the overall 
assessment of their accuracy. The accuracy of one of 
each type of recorder was then tested against a mercury 
standard. As the decision end-points for systolic and 
diastolic pressures are observer dependent, inter- 
observer variability in the decoding of pressure record- 
ings was also assessed. The results were analysed by 
Student’s t test for paired data and by linear regression 


analysis. In all cases phase V was used as the diastolic’ 


end-point. 


ACCURACY STUDIES 

(1) Interdevice variability 

The Remler was compared with the London School of 
Hygiene (LSH) sphygmomanometer’?? in 12 patients as 
part of an interdevice variability study of three Remler 
recorders. Paired LSH sphygmomanometer and 
Remler recordings were made in the same arm by 
connecting both devices to a single cuff through a Y 
connector (Fig. 3a). The stethoscope head and micro- 
phone were applied to the samé brachial artery without 
difficulty. Simultaneously a second observer recorded 
paired Remler-LSH sphygmomanometer recordings in 
the opposite arm by the same technique. As the two 
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cuffs were interconnected we were able to compare 
simultaneous Remler recordings in opposite arms and 
also simultaneous Remler and LSH sphygmomano- 
meter recordings in the same arm. The order of Remler 
recorders, the arm to which the recorders were applied, 
and the observers was randomised according to a 
Graeco-Latin square design. In this way observer and 
sequential bias, or bias resulting from differences 
between arms would not influence results. The rate of 
deflation of the system was set at 3 mmHg per second as 
we observed that lower deflation rates caused attenu- 
ation of the Korotkoff sounds. 

The interdevice variability of the Cardiodyne 
Sphygmolog was assessed in the same way (Fig. 3a) 
except that instead of the LSH sphygmomanometer 
the Hawksley random-zero sphygmomanometer?? was 
used as the mercury standard. 

There was no significant difference between 
observers or between the three Remler recorders 
(Table 1). Remler recordings were higher than LSH 
sphygmomanometer recordings for both systolic and 
diastolic blood pressures, the mean differences being 
4-8 mmHg (p«0-05) and 47 mmHg (p«0:005), 
respectively. This was true whether the mean Remler 
and LSH sphygmomanometer recordings for each of 
the 12 patients (Fig. 4) or individual recordings were 
compared. Furthermore, the mean differences between 
paired Remler and LSH sphygmomanometer record- 
ings were negatively correlated with heart rate for 
diastolic (r,—0:69 n=12, p« 0-02) but not systolic 
blood pressures. 








Table 1 Comparison of three Remler recorders 
Systolic (mmHg) Diastolic (mmHg) 

Remler 1 161-6:-4-5 94.73 1-8 

Remler 2 163-4444 93.7t2:1 

Remler 3 161 +43 93-4t 1:6 





Values are mean + SEM. 


Overall, there was no significant difference between 
paired Sphygmolog and Hawksley recordings in the 12 
patients whether the mean data for each patient or 
individual recordings were compared. One Sphygmolog 
recorder (Sj), however, significantly overestimated 
paired Hawksley systolic recordings (Table 2) and 
comparison of individual paired Sphygmolog record- 
ings in opposite arms showed that S, recordings were 
higher than S, and $, recordings, the mean difference 
being 4:3 mmHg (p<0°01) for systolic and 2:4 mmHg 
(p«0-06) for diastolic recordings. 5, and $5, 
Sphygmolog recordings tended to underestimate 
Hawksley diastolic pressure recordings (by 2:8 mmHg 
on average) while S, recordings showed a mean excess 
of 0:7 mmHg over the Hawksley. 


Ambulatory blood pressure recorders 


575. 


Table 2 Comparison of paired Hawksley and Sphygmolog recordings for three Sphygmolog recorders 


Systolic (mmHg) 

S] 32 35 
No. 48 48 48 
Hawksley 162 +55 161-645-3 162+5-4 
Sphygmolog 165-65 -8** 164-8+5-0 1615-2 


Diastolic (mmHg) 

Sy 32 53 

48 48 48 

90 +19 91-341-7 91:1420 
90-7+1°8 88-4 1-6* 88-4+ 1-7* 





Values are mean + SEM. *p<0-05, **p« 0-01 significantly different from paired Hawksley recordings. 
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(2) Comparison of simultaneous Hawksley and automatic 
device recordings 

The Remler was compared with the Hawksley 
random zero sphygmomanometer in 35 patients using 
simultaneous recordings in the same arm (Fig. 3b). 
One Remler recorder and one observer were used. Two 
recordings were made in each patient as not al] Remler 
recordings would be decodable. There was no signifi- 
cant difference between paired Remler and Hawksley 
recordings using either the mean data for each patient 
or individual recordings (Table 3). 

Similarly, the Cardiodyne Sphygmolog was com- 





(b) 






stethoscope— 


observer? observer 
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Fig. 3 Scheme of accuracy studies. Though only the Remler 
recorder is indicated on the diagram, the Sphygmolog 
was assessed in a similar manner. 


pared with the Hawksley random zero sphygmomano- 
meter in 109 patients (Fig. 3b), one recording being 
made in each patient. There was no significant dif- 
ference between paired systolic recordings (Table 3). 
Sphygmolog recordings, however, slightly under- 
estimated Hawksley diastolic recordings, the mean 
difference being 2 mmHg. 


(3) Comparison of Remler and intra-arterial recordings 

In 23 patients, simultaneous Hawksley and Remler 
recordings were made in the left arm while intra- 
arterial recordings were recorded from the opposite 
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Table3 Comparison of paired Hawksley and Remler recordings and paired Hawksley and S phygmolog recordings: 
Data for Hawksley-Remler recordings represent mean data (+ SEM) for each of 35 patients 





Systolic (mmHg) E Digstolic (mmHg) 

Hawksley Remier Hawksley Remler 
No. 35 35 35 35 
Mean : SEM 162-:2+5-0 161-8+5:1 99-512-8 99-93 2.8 
Correlation coefficient : : 0-98 0-97 

Hawksley Sphygmolog Hawksley Sphygmolog 
No. ' 100 100 100 100 
Mean + SEM 160-1+3-0 159-0::2-9 93-8+1-7 92+1-8* 
Correlation coefficient 0-98 0-97 





*p«:0-001, significantly different from paired Hawksley recordings. 
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Fig.4 Comparison of mean LSH sphygmomanometer and intra-atrial recordings. Lines of identity are given. Remler 
Remler paired recordings in each of 12 patients. Lines of identity recordings are indicated by the closed symbols and Hawksley 
are given. recordings by the open symbols. 
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radial artery through a Bell and Howell pressure trans- 
ducer on to light sensitive paper (Fig. 3c). Three 
recordings were made in each patient as not all Remler 
recordings would be decodable. 

The relation between Remler and intra-arterial 
recordings was the same as between Hawkslev and 
intra-arterial recordings for both svstolic and diastolic 
blood pressures (Fig. 5, Table 4). Again, there was no 
significant difference between Hawksley and Remler 
recordings. 


RELIABILITY STUDY 

The reliability of the Remler in recording ambulatory 
blood pressure was assessed by determining the 
number of decodable recordings from 69 attempted 
Remler ambulatory day recordings. Of these, five 
failed completely, in three cases because the micro- 
phone lead broke and in two because of a defect in the 
"off' pressure switch which failed despite normal 
deflation. In the remaining 64 tapes, 1129 pressure 
recordings were attempted and 104 (9-294) of these 
were undecodable. In 35 (3-195) this was because of the 
failure of the microphone to detect any sounds and in 
the remainder because of either incorrect setting of the 
on-off pressure switches or patient movement. 

In 13 hypertensive patients the reliability of 
Sphvgmolog ambulatory recordings was compared 
with that of Remler ambulatory recordings. Record- 
ings with each device were carried out in each patient 
on separate days during normal daily activities. The 
order of machines was randomised to prevent a training 
effect and treatment between the two days was not 
altered. 

In only five of 13 Sphygmolog day recordings could a 
reasonable attempt be made at analyses compared with 
12 of 13 Remler day recordings (X? 5:42 after Yates 
correction, p« 0-02). In the remaining eight, there 
were no decodable recordings. In six cases this was the 
due to dislodgement of the paper disc from the motor 
spindle and in two a large number of artefacts made 
decoding impossible. The one Remler failure resulted 
from an excessive cuff deflation rate. 


INTEROBSERVER VARIABILITY IN DECODING 
Interobserver variability in decoding was assessed by 
comparing the decoded results of two observers for 120 


EY 


Remler and 88 Sphygmolog blood pressure recordings 
made in the laboratory. 

There was no significant difference between the two 
observers in decoding Remler recordings, but 10% of 
all decoded recordings differed by more than +5 
mmHg, the mean difference being 0:7 54:2 mmHg for 
systolic and 0:6*5:4 mmHg for diastolic blood 
pressure recordings. The paired decoded recordings 
were highly correlated for systolic (r, 0:99, p«0:001) 
and diastolic (r, 0:93, p« 0-001) recordings. Similarly, 
there was no significant difference between observers 
for decoding Sphygmolog systolic recordings though 
there was a small difference for diastolic recordings, the 
mean being | mmHg (p<0:01). The paired decoded 
recordings were again highly correlated for both 
systolic (r, 0:98, p«0:001) and diastolic (r, 0:99, 
p«0:001) pressures. Of the 88 paired decoded 
recordings, 9:29» of systolic and 5% of diastolic 
recordings differed by more than 5 mmHg. 


Discussion 


Accuracy studies of automated blood pressure 
recorders are beset with problems, including the vari- 
ation between repeated blood pressure measurements, 
interdevice variability,!! observer error,'* and the type 
of standards against which they should be tested. 1? !* 
Where it is possible, as for these two machines, to apply 
both the standard and automatic recorders to the same 
brachial artery, comparison of simultaneous recordings 
in the same arm is the ideal method of assessment. U 
This removes the effect of blood pressure variability, 
which mav otherwise be ascribed to the method of 
blood pressure recording under test. Furthermore, by 
comparing the recordings of a number of test instru- 
ments made repeatedly in a small group of patients, 
interdevice differences are easily detected which would 
otherwise require recordings from large numbers of 
subjects. Simultaneous mercury sphygmomanometer 
recordings can be used as a standard against which 
these differences are confirmed, excluding blood 
pressure variability as a possible cause. 

The accuracy of the Remler M2000 has been assessed 
previously with varying results.!5-^ In two studies in 
which the standard used for comparison was the LSH 
sphvgmomanometer, the Remler was found to over- 


lable4 Comparison of mean Remler, Hawksley, and intra-arterial recordings in each of 23 patients 





Systolic (mmbt ga) 


Diastolic i mmHg? 





Remler Intra-arterial Hawksley Remler Intra-arterial Hawksley 
Mean + SEM 177-2+4-3 190-6 :* 5.7 178.3 t4-4 98.1*2:1 98.5 t: 3-0 97.8 *2-0 
Mean difference -]13-4** -]12:3** +8-6** +8. 3** 
‘indirect vs direct 
Correlation coefficient O-78*** 0-73*** 0-4 0-51* 


— — — — — — — — RR 


*p«0-05, **pc0-0l, ***p-0-001. 
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estimate systolic and diastolic blood pressures. !8 70 
In contrast, when compared with the Hawksley? 
or a standard mercury sphygmomanometer,!? the 
Remler showed no mean bias. In this study the Remler 
recordings were higher than simultaneous LSH 
sphygmomanometer recordings, whereas there was no 
difference between Remler and Hawksley recordings. 
This is consistent with our previous finding that the 
LSH sphygmomanometer underestimates blood 
pressure partly because of incorrect calibration but also 
because of an interpretative difference between the 
LSH sphygmomanometer and other methods of blood 
pressure measurement.?? The interpretative difference 
results in an error during blood pressure recording 
which is heart rate dependent? and is confirmed in this 
study by the negative correlation between the mean 
Remler-LSH sphygmomanometer differences for 
diastolic blood pressure and heart rate. 

Comparison of Remler and intra-arterial recordings 
has shown a systematic error of +3/+2 mmHg.?! The 
relation of indirect to intra-arterial measurement, how- 
ever, is highly variable.2+-26 Therefore, comparison of 
Remler and intra-arterial recordings should be assessed 
by simultaneous comparison of Remler and mercury 
sphygmomanometer recordings with intra-arterial 
recordings. In this study the mean bias and relation 
between direct and indirect recordings was the same for 
Remler and Hawksley recordings. 

A possible source of variability and bias in Remler 
recordings is the interobserver difference in the 
decoding process. Though no significant difference 
was found between observers, decoded results could 
differ by more than 5 mmHg in 10% of recordings. 
This may partly explain the scatter of Remler record- 
ings when compared with standard mercury sphyg- 
momanometer recordings. This interobserver vari- 
ability, however, is no greater than for standard 
sphygmomanometer recordings. ? 

The reliability of Remler ambulatory recordings is 
reduced to a large extent by defects in the microphone 
lead. This also reduces the availability of the recorder 
as broken microphones must be returned to the manu- 
facturer for repair, and recorders may lie idle for some 


time. 

The Cardiodyne Sphygmolog is the simplest and most 
inexpensive complete ambulatory blood pressure 
system available. Though on the market, it has not been 
previously evaluated. Accuracy studies showed that the 
Sphygmolog tended to underestimate diastolic 
pressure when compared with the Hawksley random- 
zero sphygmomanometer. This difference, however, 
was small, and overall this device was reasonably 
accurate. Interdevice variability studies showed that 
one recorder gave higher recordings than the two other 
devices tested. This was the result of a zero drift of 3 to 
4 mmHg in the pressure transducer. 
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Reliability of the Sphygmolog recorder was low. 
This was not the result of poor technique by the 
patients as recordings with the Remler M2000 were 
successful. The main defect, which appears easily 
correctable, is that the recording discs are displaced 
from the motor spindle when the machine is in the 
upright position during ambulatory recording. Even if 
this were corrected, however, there were a large 
number of artefacts in two of the remaining day record- 
ings. This may be because of oversensitivity of the 
recording system, which would explain the tendency to 
underestimate diastolic pressure, and the absence of 
any system in the recorder for artefact suppression. 
Artefactual recording is a major problem during auto- 
mated blood pressure recording," the commonest 
cause being movement of the patient's arm. This may 
be overcome by either using appropriate band 
filters, 7? so that only sounds with the frequency 
characteristics of Korotkoff sounds?? are recorded, or 
by recording sounds occurring within a short period 
after the QRS complex of the electrocardiogram.? 31-33 
With some systems??^ the observer analyses the 
recorded data and artefacts are rejected on the basis of 
the occurrence of sounds in an expected position or 
sequence, or by rejecting recordings altogether as 
undecodable. In contrast, the permanent record of the 
pressure measurements made by the Sphygmolog gives 
no indication whether pen marks are the result of 
Korotkoff sounds, arm movement, or extraneous 
sounds. 

In conclusion, the Remler M2000 semiautomatic 
portable recorder is accurate in the measurement of 
blood pressure. Differences in the findings of previous 
studies can be explained by the different standards 
used for comparison. The reliability of the Remler 
M2000 could be improved by strengthening the micro- 
phone lead attachment to the microcassette recorder. 
The Sphygmolog is a reasonably accurate though un- 
reliable method of recording ambulatory blood 
pressure. Reliability is poor mainly because of a defect 
in the method used to retain the paper discs on the 
revolving spindle of the motor. The Cardiodyne 
Sphygmolog, as presently designed, cannot be 
recommended for ambulatory blood pressure 
monitoring. 


We acknowledge the support of the Royal College of 
Surgeons in Ireland and Ciba Laboratories, and 
Cardiodyne General, Inc., 455 Los Gatos Blvd., Los 
Gatos, California, USA, for supplying us with three 
Sphygmologs for testing. 
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Normal coronary arteriogram 
An avoidable test? 


CILSLEY, A STOCKLEY, D CLITSAKIS, C LAYTON 


From the Cardiac Department, The London Chest Hospital, The National Heart Hospital, and the Department of 
Medical Physics, Southend Hospital 


SUMMARY Between 10 and 20% of coronary arteriograms in patients with chest pain show normal 
vessels, often in association with a history of “atypical” angina. Conventional non-invasive tests are 
inaccurate in this group of patients compared with those with classical angina. This study prospectively 
evaluates combined 12 lead exercise electrocardiography and thallium-201 scintigraphy as a screening 
test in patients with atypical angina in order to determine whether normal arteriograms are avoidable in 
this important subgroup of patients presenting with chest pain. 

Sixty seven consecutive patients with atypical angina underwent both maximal exercise testing and 
thallium scintigraphy before coronary arteriography. Chest pain during exercise was a poor predictor 
of coronary disease in this group. Eleven (1696) had abnormal arteriography, with the sensitivity of 
exercise and thallium tests being 4596 and 7396, respectively. When both tests were applied the 
predictive accuracy for normal coronary arteries was 96% (54/56) and that for the presence of coronary 
disease was 82% (9/11). 

If coronary arteriography was withheld in patients in whom both the exercise test and thallium 
scintigraphy were negative, the number of normal coronary arteriograms could be reduced with only a 
very small risk of failing to detect individuals with coronary disease. 


Coronary arteriography is widely used in the assess- 


tests, ideally looking at different but related indices for 
ment of patients with chest pain though a significant 


ischaemia, that a high predictive accuracy could theor- ` 


proportion undergo this investigation solely to estab- 
lish whether or not coronary artery disease is present. 
At the London Chest Hospital, for example, excluding 
patients with valvular heart disease and cardio- 
myopathy, 380 (16:696) of 2292 coronary arteriograms 
performed in the years 1977-79 were normal. Within 
this group there was a preponderance of patients with 
atypical angina. There remains a need for non-invasive 
techniques that can accurately assess the presence or 
absence of disease in this difficult group of patients, 
thereby diminishing the use of diagnostic coronary 
arteriography, and avoiding the small risk involved in 
such a procedure. 

Our early experience of exercise electrocardiography 
and exercise thallium-201 scintigraphy in patients with 
coronary disease suggested that a combination of these 
methods might provide a useful -screening test.! The 
predictive accuracy of a single diagnostic test dimin- 
ishes as the disease prevalence within the population 
under study falls.? It is only by the combination of two 
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etically be maintained. This study was established to 
assess the ability of combined 12 lead exercise testing 
and thallium-201 scintigraphy to predict those patients 


. -with normal coronary arteriography within a group 


presenting with atypical angina. 


Subjects and methods 


"Sixty seven consecutive patients complaining of 


atypical angina were studied. They comprised 56 men 
and 11 women aged 29 to 62 years (mean age 49 years). 
Patent selection was prospective before the results of 
any non-invasive test were known. Patents with 
classical angina (exercise related chest pain, relieved by 
rest and trinitrin and exacerbated by cold or emotional 
stress) were excluded, as were those with a history of 


' previous myocardial infarction or defiitite non-cardiac 


chest pain. The remaining patients had "atypical" . 
angina defined as follows: the chest pain was thought to 
be anginal by the referring physician though either 
there was no apparent relation of pain to exercise or it 
was not immediately relieved (within 10 minutes) 
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by rest or trinitrin. None of the patients had been 
investigated, other than by a resting electrocardiogram, 
before referral. Routine treatment consisted of a beta 
blocking agent in 48 (72%), long acting nitrates in 22 
(3396), and a calcium antagonist in 13 (1996). Fifty nine 
(8896) were taking trinitrin as necessary. 


EXERGISE TEST 

Each patient underwent maximal 12 lead treadmill 
exercise electrocardiography using a modified Bruce 
protocol.? The 12 leads were the same as those recorded 
in a standard electrocardiogram. Recordings were 
made on an automated three channel machine at rest, at 
the end of each three minute stage, at peak exercise, 
and at two minute intervals during the recovery period 
until the electrocardiogram returned to the resting 
staté. Blood pressure was monitored at the end of each 
stage. End points for the test were chest pain, 
‘dyspnoea, achievement of predicted maximum heart 
rate (220-age), or inability to continue exercise because 
of fatigue or calf claudication. 


THALLIUM SCANNING 

Thirty seconds to one minute before the attainment of 
peak exercise 2 mCi of thallium-201 was injected via an 
antecubital vein. Five minutes after exercise the 
patient was positioned in front of a Searle LFOV 
gamma camera or a Nuclear Enterprises MkV HR 
gamma camera, interfaced with a Searle Scintiview 
processing systern or a Varian V76 computer, respect- 
ively. Scans were obtained in the 45° left anterior 
obliqüe, left lateral, and anterior views with 300000 
' counts recorded for each frame. The images were pro- 
` cessed by a combination of nine point smoothing and 
background siübtraction. Abnormal perfusion was 
defined by segmental uptake of less than 5096 that 
found in the most active myocardial segment. 


INTERPRETATION OF RESULTS 

All patients underwent coronary angiography with 
multiple views obtained using the Sones technique. 
Lesions of 70% or more stenosis in a major coronary 
artery were considered significant. Exercise electro- 
cardiography, thallium scanning, and coronary 
angiography were all examined and reported separately 
without knowledge of the other results. 


Results 


Eleven (16%) of the 67 patients had an abnormal 
coronary arteriogram. Six patients had disease in one 
artery and only two had triple vessel disease. All the 
women had normal coronary arteriography. 

The resting electrocardiogram was abnormal in 25 


(37%). Nineteen of these had normal coronary . 


arteriography. The resting  electrocardiographic 
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abnormalities, which were largely minor, are detailed 
in Table 1. No patients had evidence of prior myo- 
cardial infarction on the basis of pathological Q waves. 
The only patient with ST segment depression at rest 
had left ventricular hypertrophy, secondary to long- 
standing hypertension. An abnormal resting electro- 
cardiogram was not associated with the presence or 
absence of coronary disease. 


Table 1 Resting electrocardiographic abnormalities in 
67 patients with atypical angina 


Electrocardiographic finding No. of patients 
Bundle-branch block 2 | um 
Left ventricular hypertrophy 

Poor R wave progression 2 

T wave “abnormalities” 20 
EXERCISE TEST 


Although chest pain on exertion was a feature of the 
history of most patients in this study, only seven (1096) 
developed chest pain during the exercise test, and six of 
these had normal coronary arteriography. 

Seven (1096) patients had an unequivocally positive 
exercise electrocardiogram when using 0-1 mV 
horizontal or down sloping ST segment depression 
from rest at 80 ms after the J point as the diagnostic 
criterion. With 0-2 mV of ST depression the number of 
positive tests was six. Five (7196) of the seven patients 
with exercise-induced ST depression had coronary 
artery disease. Of the remaining 60 patients, 51 
achieved a maximal or near maximal heart rate for age 
without significant ST segment depression, with six 
(12%) subsequently proven to have coronary artery 
disease and thus falsely negative exercise tests. In the 
remaining nine patients, the level of exercise was low 
(peak heart rate less than 105/min) because of the 
patients’ unwillingness to proceed further. No 
evidence of ST depression was found and the patients 


-were classified as negative before coronary arterio- 


graphic results were available, which confirmed that 
none had coronary disease. 

Twelve (20%) of the 60 patients with negative 
exercise tests had horizontal or down sloping ST 
depression of greater than 0:05 mV but less than 0:1 
mV, thus just failing to fulfil the “positive” criterion. 


-Two of these had bundle-branch block and one had left 


ventricular hypertrophy and resting ST depression. 
None had abnormal coronary arteriography. 


THALLIUM SCINTIGRAPHY 

Satisfactory thallium scintigrams were obtained in all 
cases even in those with a low level of exercise. The 
latter were interpreted despite high background levels 
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of activity. Nine (1396) had an abnormal scan, of whom 
eight had coronary disease. Three patients with 
coronary disease had normal scintigraphy, though all 
three had single vessel involvement. All five of those 
with double or triple vessel disease had abnormal 
scintigraphy. The remaining 55 patients had normal 
scintigraphy. 


COMBINED EXERCISE AND THALLIUM RESULTS 
When the results of both tests were combined for each 
patient nine (82%) of 11 with significant disease were 
identified. In the two patients with abnormal tests but 
normal coronary arteriography, one had both exercise- 
induced ST depression and abnormal scintigraphy and 
the other an abnormal exercise electrocardiogram only. 
There was no apparent cause of the ST depression. 

Both patients with coronary disease and negative 
tests had single vessel disease, in one an isolated 
occlusion of the posterior descending branch of a 
dominant right coronary artery and in the other a single 
70% stenosis of a lateral circumflex branch. All 12 of 
those showing 0-05 mV to 0:09 mV ST depression had 
normal thallium scintigraphy and coronary 
arteriography. 


Discussion 


Patients with atypical angina are less likely to have 
underlying coronary artery disease than those with 
classical angina pectoris. While normal coronary 
arteriography does not exclude a cardiac cause for the 
pain, it does provide a good long term prognosis for an 
individual even in the presence of continuing 
symptoms,? and will modify advice that may be given 
concerning the patient's occupation and life style. In 
the most experienced hands coronary arteriography, 
whether performed by brachial or femoral techniques, 
carries a small but definite mortality and morbidity, 
and it is desirable to restrict arteriography to those most 
likely to show coronary artery stenosis. À non-invasive 
test that reliably identifies patients with normal 
coronary arteriograms would be clinically valuable. 
This study was performed to test the ability of com- 
bined maximal 12 lead exercise electrocardiography 
and thallium-210 scintigraphy in this respect. 

Only 16% of patients in this study had coronary 


Table 2 Results of each investigation and combined interpretation* 
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artery disease. None of the 11 women and 20% of the 
men had disease. The male preponderance perhaps 
reflects an unwillingness of physicians to refer women 
with atypical pain while having a higher level of 
suspicion for the presence of coronary disease in men 
presenting with the same symptoms. Though thallium 
scintigraphy had a sensitivity of 73% and a specificity of 
98% which was superior to the exercise electrocardio- 
gram by itself in this study (Table 2), both tests are 
subject to error if used in isolation.$ 

Normal thallium scintigraphy was particularly 
helpful in the 12 patients in this study who had definite 
but less than 0-1 mV ST segment depression.’ 8 

Nine patients failed to exercise to at least 85% of the 
predicted heart rate maximum and thus perhaps had 
unreliable, though negative, non-invasive tests. None 
had coronary disease. A proportion of patients do find 
exercise tests formidable and are unwilling to perform 
an adequate test. Such patients must be assessed on an 
individual basis and either have a second exercise test 
or proceed to arteriography. Patients with angina who 
are unable to exercise to rapid heart rates are more 
likely to have coronary disease even without ST 
segment change,’ but these data cannot be used auto- 
maticaly to justify arteriography in patients with 
atypical angina. 

Patient selection for this study is of critical import- 
ance in assessing its value. Patients were evaluated 
prospectively on the basis of the clinical presentation 
and resting electrocardiogram without any non-invasive 
testing before inclusion in the study. We deliberately 
excluded those with a high likelihood of disease (typical 
angina ànd prior myocardial infarction) and the study 
group was obtained consecutively from routine new 
patient referrals from general practitioners and non- 
specialist physicians. In retrospect, if only those 
patients with positive (11 patients)'or equivocal tests 
(the 12 patients with 0-05 mV to 0-09 mV ST 
depression) underwent angiography then all those with 
multivessel disease were identified, with the prevalence 
of disease-in this.selected group being significantly 
higher than in the remaining patients (prevalence 39% 
(9/23) versus 5% (2/44), p«0:0125X The clinical 
impact of such an approach can only be assessed from 
the results of a larger scale study than this one. Never- 
theless the results are encouraging and suggest that 





Test True positive False negative True negative False positive Sensitivity Specificity PA+ PA-— 
Thallium-201 8 3 46 73% 98% 89% 94% 
12 lead exercise 5 6 45 45% 36% 71% 8896 
Thallium orexercise 9 2 45 82% . 96% 82%, 96% 


* Excluding the nine patients with inadequate exercise (peak heart rate 10S/min). . 7 
Sensitivity, % positive/number with coronary disease; Specificity, % negative/number with normal coronary arteries; PA + , predictive accuracy of a 


positive test; PA~, predictive accuracy of a negative test. 


Normal coronary arteriogram 


about half of the normal coronary arteriograms 
currently performed are perhaps avoidable. 

The coronary arteriograms were assessed only for the 
presence of fixed lesions and no attempt was made to 
detect coronary artery spasm. The object of this study 
was to determine whether a normal coronary arterio- 
gram could be predicted, not to establish the cause of 
the presenting symptom. Ergometrine provocation 
testing was abandoned in our unit in 1979 in view of the 
risk of myocardial infarction and death resulting from 
such tests.!° We have not excluded spasm, therefore, as 
a cause of the pain in some of our patients. 

The relatively poor predictive accuracy of the 
exercise electrocardiogram in patients with atypical 
angina is in accord with previous studies.4 !! Exercise is 
an integral part of thallium scintigraphy and both 
electrocardiogram and scintigram provide comple- 
mentary information in the overall assessment of an 
individual patient with chest pain. This study has 
confirmed that if coronary arteriograms are withheld in 
those with normal non-invasive tests there is only a 
small risk to detect an individual with coronary 
stenosis. 
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Sinus node function in first three weeks after cardiac 
transplantation 


A F MACKINTOSH,* DJ CARMICHAEL, CWREN,RCORY-PEARCE,T A H ENGLISH 
From Papworth Hospital, Cambridge 


SUMMARY Donor sinus node function was studied in 10 patients from day 4 to day 24 after cardiac 
transplantation. Cycle length, atrial arrhythmias, corrected sinus node recovery time, and estimated 
sinoatrial conduction time were recorded daily. Five patients had at least two sets of results suggesting | 
sinus node dysfunction (group A) while five patients had no-such abnormalities (group B). The 
prognosis in group À was poor, with four of the five patients dying within four months of the operation; 
one unexpected death from arrhythmias was recorded by ambulatory electrocardiographic monitoring. 
All five patients in groüp B survived for at least eight months. In nine patients sinus node function 
varied from day to day, with corrected sinus node recovery time réachiiig a peak at 11 to 18days after 
operation. The longest corrected sinus node recovery time was 11160 ms. Neither the differences 
between the patients, nor the day to day variation, could be explained solely by the degree of rejection 
as assessed by biopsy or by the ischaemia time of the heart during procurement. Sinus node dysfunction 
soon after transplantation is associated with a poorer prognosis and might be the terminal event in some 


Cases. 


After cardiac transplantation the new heart remains 
isolated from the autonomic nervous system.! ? Several 


studies have explored the function of the human sinus : 


node in this unusual state.2 These investigations have 
all been on patients who have survived at least a year 
after the operation and have no evidence of rejection in 
a simultaneous myocardial biopsy. Thus sinus node 
function has been studied only in a selected group of 
patients who have survived for some time after the 
operation. 

The first five patients to receive a heart transplant at 
Papworth Hospital, Cambridge, had an unexpectedly 
high incidence of sinoatrial arrhythmias in the immedi- 
ate postoperative period. We therefore undertook a 
prospective study of sinus node function during the 
first-three and a half weeks after transplantation. The 
first aim was to explore the effects of the operation on 
the human sinus node. Tlie-second"was to assess 
whether sinus node function would provide a guide to 
the immunological state of the rest of the heart. 


*Presen: address: S1 James's University Hospital, Leeds. 
TBritish Heart Foundation senior research fellow. 
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^ Tablel 


Patients and methods 


Eleven consecutive patients undergoing cardiac trans- 
plantation were studied. One patient developed fits and 
unconsciousness one week after the operation, which 
prevented further testing. The rest of this report is 
concerned with the remaining 10 patients. They were 
all men, aged from 22 to 52 years (mean 40). 

The donor hearts were all brought to Papworth from 
other hospitals. Immediately before removal from the 
donor they were perfused with a cardioplegic solution 
at 4 C containing procaine and a high concentration of 
potassium and.magnesium (Table 1). The hearts were 
transported at about 4 C, eight in cardioplegic solution 
and two in Ringer's solution. The ischaemia times of 


Papworth Hospital cardioplegic.solution 
Ions mmol]! 
Mg 16 
Na 149 
K 20 
Ca 2 
Cl 172 
HCO; 10 
Procaine 1:2 
pH 7-4 
Osmolarity 340 mOsmol/kg H20 
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Table2 Drug treatment during study period 





(1) Prednisolone | mg/kg per d 

(2) Azathioprine 1:5-2:5 mg/kg p 

(3) Antihuman thymocyte PaRa ATG) 250-1000 mg/d 
(4) Cimetidine 1g/d 

(5) Hydrochlorothiazide 25-50 mg/d 

(6) Triamterene 50-100 mg/d 

(7) Amphotericin throat lozenges 





the donor hearts ranged from 113 to 190 minutes (mean 
158). The hearts were inserted by the — 
developed at Stanford University Medical Centre." 
The donor right atrium is sutured to the posterior and 
lateral walls of the recipient right atrium so that blood 
can drain from the recipient's vena cavae into the donor 
right atrium. The donor sinus node is protected by 
ligating and dividing the donor superior vena cava 1:5 
cm above the cavoatrial junction. At the end of each 
operation two epicardial wires are applied to the donor 
right atrium. 

Sinus node function was assessed daily from post- 
operative days 4 to 24. This period was chosen because 
some of the patients received isoprenaline infusions 
during the first three days and the atrial wires were 
removed soon after the 24th day. The routine post- 
operative care at Papworth Hospital has been described 
previously. The drug treatment during the study 
period is shown in Table 2. No digoxin or other anti- 
arrhythmic drugs were given to these patients. 

The tests ofsinus node function were selected so that 
they could be performed easily with simple, sterilis- 
able, equipment in the intensive care area. Testing was 
carried out in the middle of the morning after 10 
minutes bed rest. The temporary epicardial wires were 
used for bipolar atrial pacing, with measurements 
being taken from the external P waves. The stimulus 
strength was twice the threshold value, with a pulse 
width of 1 ms. The spontaneous cycle length of the 
donor atrium was recorded. This varied little in the 
denervated heart with the patient at rest. The sinus 
node recovery time was found by pacing for one minute 


Table3 Sinus node function tests in the 10 patients 
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at 100, 110, 120, and 130 beats per minute or 110, 120, 
130, and 140 beats per minute if the spontaneous rate 
was above 100 per minute. On each occasion the spon- 
taneous cycle length was subtracted from the recovery 
time to give the corrected sinus node recovery time. 
The estimated sinoatrial conduction time was calcu- 
lated by a method similar to that described by Narula 


„and colleagues.’ For this the atrium was. paced for nine 


cycles at a rate 10 beats per minute faster than the 
spontaneous rate. The sinoatrial conduction time, that 
is the estimated conduction time into and out of the 


node, is the duration. of the first post-pacing cycle 


minus the duration of the last spontaneous cycle before 
the onset of pacing. The spontaneous cycle varied little, 
so a single measurement was used rather than the mean 
of a number of cycles. On each occasion the sinoatrial 
conduction time was measured five times and the mean 
value calculated. 

A normal range for these sinus node tests cannot be 
applied to denervated hearts soon after operation. But 
in other patients in our hospital the normal upper limit 
of the corrected sinus node recovery time is 525 ms and 
the sinoatrial conduction time is 250 ms. The cycle 
length of a transplanted heart one year or more after 
operation is normally less than 800 ms.! 6 


Results 


The 10 patients showed a wide range of results and 
could be divided into two groups on the basis of the 
maximum values recorded during the study period 
(Table 3). The five patients in group A had pacing 
results outside our normal values for innervated hearts, 
atrial tachycardias, or a maximum cycle length above 
1000 ms. All patients in this group had at least two of 
these features. The recovery time could be grossly 
abnormal. Fig. i shows a 12 second pause on cessation 
of pacing in case 2. In contrast, the other five patients 
(group B) all had corrected recovery times below 525 
ms, sinoatrial conduction times below 250 ms, and 


Max CL (ms) ns 2 CSNRT Postop day for -Max SACT Postop day for Atrial tachycardia Outcome 


max CSNRT (ms) 


Group A 

Case ] 1020 835 12 279 
Case 2 1240 .11 160 17 248 
Case 3 890 615 15 350 
Case 4 1005 1020 18 145 
Case 5 1100 1240 i3 313 
Group B 

Case 6 780 230 14 130 
Case 7 890 450 16 173 
Case 8 920 430 17 140 
Case 9 770 390 ll 145 
Case 10 670. 165 a 125 


max SACT during study period 


12 -— Alive at 27 months 
S — Died at 10 weeks 
10 ~ Died at 18 weeks 
18 + Died at 8 weeks 
18 + Died at 7 weeks 
9 Alive at 23 months 
16 Alive at 21 months 
Alive at 20 months 


Died at 9 months 
Alive at 15 months 


T 
Se bdqe 





Max CL, maximum cycle length; max CSNRT, maximum corrected sinus node recovery time; max SACT, maximum estimated sinoatrial 


conduction time; a, no day to day variation. 
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Fig. 2 Cycle length and maximum corrected sinus node recovery 
time on each day in case 1. 
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F ig.3 Cycle length and maximum corrected sinus node recovery 
time on each day in case S. 


Machintosh, Carmichael, Wren, Cory-Pearce, English 


Fig. 1 Continuous recording of lead 
2 (25 mmjs) in case 2 showing 12 

| seconds of asystole after cessation of 
pacing. Atrial pacing is switched on 
again at the end of the trace. The 
activity of the recipient atrial remnant 
can be seen during the period of asystole 
of the donor atria and ventricles. 


cycle lengths below 1000 ms on each day. No atrial 
arrhythmias were seen in this second group during the 
study period. 

In nine of the 10 patients considerable day to dav 
variation occurred in the tests. The corrected recoverv 
time lengthened progressively up to a maximum at 11 
to 18 days followed by a shortening ( Table 3, Fig. 2 and 
3). The conduction time in these patients also reached a 
peak at 5 to 18 days and then fell. 

The cause of the difference in results between the 
two groups and the day to day variability was not clear. 
The changes did not correlate with the degree of 
rejection as assessed by endocardial biopsy. For 
example, biopsies on days 10 and 23 from the pauent 
whose results are illustrated in Fig. 2 were normal. 
Biopsies from the patient illustrated in Fig. 3 showed 
no rejection on days 11, 21, and 31. In contrast, case 9 
had severe rejection on day 8 but the sinus node 
function testing was unremarkable throughout. Nor 
were conduction abnormalities related to a longer 
ischaemia time of the donor heart at the time of trans- 
plantation. The mean time in group A was 146 minutes 
and in group B it was 169 minutes. Day to day 
variauons in plasma sodium or potassium concen- 
trations had no noticeable influence on sinus node 
function. 

The subsequent progress of the patients in group A 
was poor. Three of the five patients died during 
episodes of rejection at seven, eight, and 10 weeks after 
operation. One of these deaths was an unexpected 
cardiac arrest at another hospital while undergoing 
preliminary assessment for suspected rejection. 
Another patent in this group (case 3) died un- 
expectedly during electrocardiographic monitoring at 
our hospital. The remaining patient is well two years 
after the operation and has had no demonstrated 
arrhythmias. 

In contrast to these poor results the five patients in 
group B all survived eight months and four are alive 15 
to 23 months after the operation, though case 6 was 
paced prophylactically at five months after asympto- 
matic atrial pauses had been seen on ambulatory moni- 
toring. He also had one paroxysm of atrial flutter 
during an episode of rejection. No arrhythmias have 
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been seen in the other four patients in spite of at least 
two 24 hour periods of ambulatory electrocardiographic 
monitoring. Case 9 died from acute rejection at nine 
months. 

Case 3, who died during ambulatory monitoring, 
had been shown to have asymptomatic atrial pauses six 
weeks before his death. At that time they were not 
thought to be important. When he was admitted for a 
routine endocardial biopsy four months after the oper- 
ation, the opportunity was taken to perform a further 
24 hour tape. At this time he was well and had already 
returned to part-time work. He was found dead in bed 
early the next morning with the recorder still running. 
The tape showed that about 20 minutes after he went to 
bed he began to develop periods of sinoatrial block 
(Fig. 4). A few minutes later prolongation of both 
intra-atrial and atrioventricular conduction was seen. 
Second degree atrioventricular block soon followed. A 
minute later he was in complete atrioventricular block 
with an escape rhythm probably of ventricular origin. 
This reverted to a junctional rhythm which became 
slower and slower until asystole occurred 10 minutes 
later. Necropsy examination showed a moderate degree 
of rejection. 


Discussion 


This study has shown a high incidence of sinus node 
dysfunction in the first few weeks after cardiac trans- 
plantation. The abnormalities described seem to be 
associated with a poor prognosis as only one of the five 
patients affected survived more than four months after 
the operation. The low incidence of sinus node 
disorders reported in earlier studies may have resulted 
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Fig.4 Rhythms recorded by 
ambulatory monitoring from case 3 
shortly before his death. The top strip 
shows sinoatrial block followed by 
prolongation of intra- 
atrial and atrioventricular conduction 
in the second strip. The middle strip 
shows 2:1 atrioventricular block which 
soon changed to complete block and a 
ventricular escape rhythm (fourth 
p "m im kz strip). The bottom strip illustrates the 
vf: ipt terminal slow junctional rhythm which 
UR aec aun to asystole. The recipient 
atrial remnant can also be seen in these 
i V traces. 
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from investigating patients a year or more after 
operation; the patients with abnormalities may not 
have survived for this length of time. Another possi- 
bility is that the dysfunction is temporary. This study 
was not designed to test these theories. 

The cause of this sinus node dysfunction remains 
uncertain. One possibility is surgical trauma to the 
node or its blood supply. All operations were done by 
the same surgeon and care was taken to prevent any 
trauma to the donor heart in the region of the superior 
vena cava/right atrial junction. Surgical techniques 
were identical in the two groups, as were the drugs 
used. 

Another explanation could be that the sinus node 
was abnormal before removal from the donor. The 
electrocardiograms taken at this time show no evidence 
of sinus node dysfunction. The period of ischaemia 
while the heart is transported and inserted into the 
patient could be the cause of the nodal disorders. 
Damage to the heart occurs during this period but it is 
reversible.!? The sinus node may be more resistant to 
the protective effects of cold cardioplegic solution than 
the rest of the heart.!! But longer ischaemia times were 
not associated with sinus node dysfunction. The mean 
ischaemia time in those patients without abnormalities 
(group B) was slightly greater than in those with dys- 
function (group A). The differences in sinus node 
function, however, could be produced by more subtle 
variations in the preservation technique. 

Other reports have implicated acute rejection as the 
main cause of atrial arrhythmias in both dogs! !? and 
humans!*+-!6 after transplantation. In this study 
rejection as assessed by biopsy did not discriminate 
between patients who developed abnormalities and 
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those who did not. In addition, the degree of rejection 
did not explain individual day to day variations in the 
tests. On the other hand, an immunological mechanism 
might have a maximum effect about two weeks after 
the operation and the nine patients with considerable 
variation all had a maximum corrected sinus node 
recovery time between 11 and 18 days after 
transplantation. Immunological events undetected by 
biopsy could be important. But such a mechanism 
could not be the sole cause of the dysfunction as 
abnormalities could often be detected right at the 
beginning of the study period on day 4; rejection would 
take longer to develop. 

The sinus node dysfunction is probably the result of 
a combination of factors. The initial event could be 
ischaemia at the time of transplantation. Subtle forms 
of rejection might then limit healing or produce further 
damage. This type of explanation would account for 
the poorer prognosis in these patients. Animal studies 
and detailed electrophysiological investigations of 
long-term survivors are being undertaken to try and 
elucidate the problem. 

Whatever the cause of the sinus node dysfunction, 
the death of one patient during ambulatory monitoring 
illustrates that pacemaker tissue disorders are 
important after cardiac transplantation. In the general 
population sinus node dysfunction is a common cause 
of symptoms but is rarely fatal.!7-!9 The subsidiary 
pacemakers in the innervated heart will provide some 
form of escape rhythm. Such rhythms seem less 
reliable in these denervated hearts. Recognised causes 
of death after cardiac transplantation do not include 
cardiac arrhythmias.2° But arrhythmias cannot be 
diagnosed at necropsy. The terminal event in some 
cases could be severe sinus node dysfunction. 
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Irreversible morphological changes contributing to 
depressed cardiac function after surgery for chronic 
aortic regurgitation 


RM DONALDSON, R FLORIO, A F RICKARDS, J G BENNETT, M YACOUB, DN ROSS, 
E OLSEN . 


From the National Heart Hospital and Cardiothoracic Institute, London 


SUMMARY The timing of surgery in chronic aortic regurgitation remains a difficult problem. To identify 
variables predictive of postoperative haemodynamic improvement, changes in left ventricular mass, 
volume, morphology, and histochemistry were analysed in'67 patients undergoing surgery for chronic 
aortic regurgitation. Patients were divided into two groups: those in. whom the left ventricular echo 
diameters returned to normal after operation (51 patients, group A), and those with postoperative 
dilatation (16 patients, group B). A preoperative biopsy was obtained in all patients; postoperative 
tissue samples were available in 13 patients (five from group A, eight from group B). Data were 
correlated with the postoperative clinical, haemodynamic state over a follow-up period of three years. 
Regression of hypertrophy was usually incomplete. Echocardiographic and angiographic data could 
not define the type and degree of dysfunction which was irreversible. Massive fibre hypertrophy (mean 
34-1 uum), moderately or severely increased interstitial fibrous tissue, reduced levels of the myofibrillar 
and- mitochondrial enzymes adenosine triphosphates and succinate dehydrogenase.in pre- and post- 
operative tissue samples correlated with persistent dilatation, cardiac failure, and early death (group B). 
Irreversible morphological and functional changes contributed to a depressed cardiac function after 
operation. Preoperative ventricular biopsies are thus of prognostic importance in volume overload. 


Patients undergoing aortic valve replacement for Patients and methods 
. volume overload generally experience haemodynamic 
improvement and relief of presenting symptoms. In The dominant lesion requiring aortic valve replace- 
some instances, however, surgical correction does little ment in all cases was chronic, severe aortic regurgi- 
to alter the course of the disease. tation, defined as at least grade 3/4 on angiography. 
The extent to which clinical improvement is associ- Those with multiple valvar abnormalities, coronary 
ated with regression of hypertrophy and abnormalities artery disease, or combined stenosis and regurgitation 
of ventricular function is not well known.!? In this were not included. There were 49 men and 18 women 
study we analysed the changes in ventricular mass, aged 16 to 72 (mean age 58:5 years). Aetiologies of the 
volume, and histochemistry in a selected group of aortic regurgitation included non-inflammatory root 
patients who underwent homograft aortic valve disease (29 .. patients), rheumatic, congenital, or 
replacement for chronic aortic regurgitation, corre- infective disease of the valve cusps (30 patients), and 
lating these changes with the postoperative clinical inflammatory root disease (eight patients). A pre- or 
state. In addition, preoperative data were examined in intraoperative biopsy was obtained in all patients, who 
an. effort to identify variables which might predict were also selected on the basis of technically adequate 
which patients could expect a good result from surgery serial echocardiograms and normal prosthetic function 
. and which might not. over a follow-up period of at least three years. 


POSTOPERATIVE EVALUATION 
All patients were re-evaluated nón-invasively (chest 
Accepted for publication 20 July 1982 radiography, electrocardiography, and  echo- . 
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cardiography) at two weeks and six months after 
operation; studies were then performed at yearly 
intervals for a minimum of three years. Three out of 
these 67 patients died from cardiac failure, 18, 24, and 
30 months after operation, respectively. Postoperative 
cardiac catheterisation was performed in 21 patients in 
whom cardiac symptoms persisted or recurred after 
valve replacement. In 13 of these 21 patients left 
ventricular biopsy was available for comparison with 
the intraoperative specimen. 


ELECTROCARDIOGRAPHY , 

Standard 12 lead electrocardiograms were obtained 
before and after aortic valve replacement; the Sokolow- 
Lyon voltage criteria and the Romhilt-Estes scores for 
left ventricular hypertrophy were computed. 


ECHOCARDIOGRAPHY 

Echocardiograms were obtained using a 12:5 mm, 2:25 
MHz transducer and an Ekoline 20A ultrasound 
transceiver interfaced with a strip chart recorder. 
Echocardiographic measurement of the left ventricular 
transverse dimension at end-diastole, and thickness of 
the ventricular septum and free wall were obtained, 
with the ultrasound beam passing through the left 
ventricle caudal to the tips of the mitral leaflets, taking 
the peak of the R wave as end-diastole. Because of 
changes in septal motion after aortic valve surgery, 
end-systolic dimensions were not analysed. From the 
primary echocardiographic measurements, the left 
ventricular cross-sectional wall area was used as an 
estimate of left ventricular mass.? Estimates on normal 
subjects were 16--4 cm?. 

This cross-sectional area is useful for the serial 
assessment of left ventricular hypertrophy but assumes 
uniform distribution of the muscle mass around the 
ventricular circumference. 


CARDIAC CATHETERISATION 

Twenty-one patients underwent postoperative cardiac 
catheterisation. Recurrence of cardiac symptoms, and 
persistent cardiomegaly were the most frequent indi- 
cations for the repeat studies. Ventricular function was 
assessed before and after valve replacement in all 21 
cases using computerised, quantitative, radial analysis 
of segmental wall motion derived from the single plane 
left ventricular cineangiogram.* 


BIOPSIES 

Biopsy material was available before valve replacement 
in all 67 patients, the tissue being obtained either from 
preoperative endomyocardial biopsies or from an intra- 
operative biopsy. In 15-of these patients the bioptome 
tissue samples were also compared with an operative 
specimen, to establish whether the smaller bioptome 


.... Samples were representative of the rest of the myo- 
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cardium. Postoperative left ventricular biopsies were 
also available from 13 patients for comparison with the 
preoperative specimen. The endomyocardial biopsies 
were obtained with the modified Olympus fibreoptic 
bronchoscopic biopsy forceps introduced using the 
long sheath technique.? Specimens were taken from the 
free wall of the left ventricle towards the apex; four to 
six tissue samples were obtained in each case. The 
intraoperative full thickness specimens were taken 
before cardiopulmonary bypass from the apex of the 
left ventricle. 


HISTOLOGICAL METHODS 
The left ventricular biopsy material was divided; one 
half was paraffin embedded, and 5 um thick sections 
were stained with haematoxylin and eosin and Miller's 
elastic van Gieson. Hypertrophy was assessed by 
measuring at least 100 myocardial fibres by means of 
the Projectina microscope. Accurate assessment of . 
fibre diameter was at times difficult, particularly when 
the interstitial fibrous tissue was severely increased. 
Myocardial fibre diameter was considered abnormal if 
it measured more than 15 im.5 Degenerative changes, 
though relatively non-specific, were also noted. 

Miller's elastic van Gieson stain was used to delineate 
collagen tissue and other components of the 
interstitium. 

Interstitial fibrous tissue was graded as follows: 
(i) Absent — no increase in interstitial collagen tissue 
(Fig. 1). 
(ii) Mild — occasional foci of increased collagen tissue 
between adjacent myocardial fibres. 
(iii) Moderate — widespread increase of collagen tissue 
in the interstitium not exceeding 15 um. 
(iv) Severe — widespread increase in the collagen tissue 
of the interstitium of 16 jum or more (Fig. 2). 
Focal and confluent areas of fibrous replacement were 
also noted. Grades I and II were considered normal 
morphological alterations. 


HISTOCHEMISTRY 

The remaining half of the biopsy tissue was immedi- 
ately frozen in “Freon” (BOC), precooled in liquid 
nitrogen, and stored at —70°C. Five uum thick cryostat 
sections were then analysed using standard enzyme 
histochemical methods’® for myofibrillar calcium 
dependent adenosine triphosphatase (ATPase), 
succinate dehydrogenase, and glycogen. 


ANALYSIS OF DATA 

Postoperative observations were compared with pre- 
operative (control) measurements using the paired 
Student’s t test. Endomyocardial biopsy data were 
correlated with those obtained from the larger 
operative specimens in 15 cases using the coefficient of 
variance (expressed as a percentage). 
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Fig. 1 Postoperative left ventricular biopsy from a patient with aortic regurgitation and normal echocardiographic 
end-diastolic dimension after surgery (group A). The photomicrograph shows myocardial hypertrophy but no increase 


in the interstitial collagen tissue. ( Miller's elastic van Gieson, original magnification x 200.) 
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Fig.2 Postoperative left ventricular biopsy from a patient with aortic regurgitation and persistent ventricular 
dilatation despite satisfactory valve function ( group B). The photomicrograph shows a severe increase in interstitial 
fibrous tissue as well as subendocardial confluent fibrous replacement. The mildly thickened endocardium can be 
discerned at the upper half of the illustration. ( Miller's elastic van Gieson, onginal magnification x 128.) 
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Results 


ELECTROCARDIOGRAPHY 

Of the 67 patients with.chronic aortic regurgitation, 64 
had electrocardiographic evidence of left ventricular 
hypertrophy before surgery. The voltages decreased 
after surgery in 50 (7896) and returned to normal in 19 
of these 50 patients. Voltage changes took place within 
six to 12 months after operation. Of the other 17, left 
ventricular hypertrophy was unchanged in five 
patients, and nine patients developed progressive 
ventricular conduction abnormalities or bundle- 
branch: block. The presence of pre- and perioperative 
conduction defects precluded analysis of hypertrophy 
in the remaining three patients. 


ECHOCARDIOGRAPHY 

By means of echocardiographic assessment of the left 
ventricular end-diastolic dimension performed at 
regular intervals for at least three years after operation, 
patients were divided into two groups (Fig. 3). Group 
A (51 patients) had normal end-diastolic dimensions 
(<52 mm) after operation (usually within three months 
of valve replacement); in group B (16 patients) the 
end-diastolic dimension remained greater than normal. 
Three patients in group B died in the follow-up period. 
Though patients in group B tended to have larger 
transverse dimensions before operation, there was no 
significant difference between the preoperative end- 
diastolic dimension of ‘patients in both groups. Overall 
muscle cross-section area showed a gradual reduction 
in the first year after operation (327 cm? to 22+6 cm?) 
(p<0-01). Despite a decrease of more than one-third in 
this index of muscle.mass, postoperative values were 
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Fig. 3 Serial pre- and postoperative echocardiographic left 
ventricular end-diastolic diameters (LV EDD) from the 67 
patients with volume overload resulting from aortic regurgitation. 
Values expressed average SEM. Patients in group A achieved 
normal end-diastolic dimension after aortic valve replacement; 16 
patients had persistent postoperative enlargement (group B). 
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still significantly raised above the normal range at the 
latest follow-up (p<0-05). The reduction of ventricular 
mass was paralleled by a reduction in the electro- 
cardiographic voltages,.and patients with persistently 
increased voltages on electrocardiographs had grossly 
abnormal estimates of muscle mass. 


HISTOLOGY 


Preoperative 

Preoperative histological data are shown in Table 1. 
Mean myocardial fibre diameter was 26 um for the 51 - 
patients in group A and 33 um for the 16 patients in 
group B. Abnormally increased levels of collagen 
(grades III and IV) were noted in only seven out of the 
5] cases (13:796) in group A; while 11 out of the 16 
patients (6996) with persistent postoperative dilatation 
(group B) had abnormal fibrous content: 

Preoperative histology was normal in 49 out of the 67 
patients in this series; 44 (9096) of these 49 cases 
experienced postoperative clinical and echo- 
cardiographic improvement. (group A), while in the 
other five cases the ventricular function was abnormal 
after valve replacement (group B). The biopsies were 
abnormal in 18 patients before valve replacement; 
operation did little to alter the course of the disease in 
11 (61%) of these 18 cases. 

Only a small variance was present between the histo- 
logical data derived from the smaller bioptome tissue 
samples and those obtained from the larger operative 
specimens. The coefficient of variance for the 15 cases 
compared was 7:696. 


Postoperative 
Histological data were obtained before valve replace- 
ment and on average one year after operation in 13 
patients (Table 2). In this subgroup of 13 patients with 
biopsies before and after valve replacement, five 
patients had normal echocardiographic ventricular 
dimension after surgery (group À) and eight patients 
(group B) had persistent dilatation and hypertrophy. 
The mean muscle fibre diameter before valve replace- 
ment measured 29-3 um in the five tissue samples from 
group'À; and 34:1 jum in the eight biopsies from group 
B. This muscle fibre diameter decreased significantly to 
23:4 um in the five patients from group A (p<0-01) but 
remained unchanged (32:5 um) in the eight patients 
with postoperative dilatation and hypertrophy (Table 
2). Those in group A had either no fibrous tissue (grade 
I, three cases) (Fig. 1) or mild (grade II, two cases) 
increase in the fibrous content in the pre- and post- 
operative biopsies. Moderate (grade III, four patients) 
and severe (grade IV, three patients) (Fig. 2) increase 
in fibrous tissue was documented before and after valve 
replacement in seven of the eight patients restudied 
from group B. The remaining patients from this group 
had grade II fibrous content. 
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Table 1 Preoperative histology: 67 patients surviving aortic valve replacement, divided retrospectively into echocardiographic groups 
A (normal dimensions) and B (postoperative dilatation) 





Group A Group B 
(n- Sl) (n= 16) 
Mean myocardial fibre diameter (um) 26 33 
Interstitial collagen Grade I to II 44) ( 5) 
Grade III to IV 7)* (11)* 
Histochemistry Adenosine triphosphatase (ATPase) Normal (45), abnormal (5) Normal (5), abnormal (11; 
Succinate dehvdrogenase (SDH) Normal (46), abnormal (5) Normal (8), abnormal (8) 
Glvcogen Normal (48), abnormal (3) Normal (6), abnormal (10) 





* All patients with severely increased fibrous content had abnormal enzyme activity. 


Table 2 Companson of pre- and postoperative histological and histochemical data in 13 patients with left ventricular biopsies before 
and after aortic valve replacement 








Group A (n 5) Group B (n—8) 
Preoperanve Postoperative Preoperative Postoperatrve 
Mean myocardial fibre 
diameter (um) 29:3 23-4 34°] 32-5 
Interstitial collagen Grade I to I (5) Grade I to H (5) Grade ILI to IV* (7) Grade III to IV* (7) 
Grade II (1) Grade II (1) 
Histochemistry 
Adenosine triphosphatase 
(ATPase) Normal Normal Normal (2), abnormal (6) — Normal (2), abnormal (6 
Succinate dehydrogenase 
(SDH) Normal Normal Normal (3), abnormal (5) Normal (4), abnormal (4 
Glycogen Normal Normal Normal (4), abnormal (4) Norma! (4), abnormal (4) 
ee 


* All patients with severely increased fibrous content had abnormal enzyme activity. 





Fig.4 (A) Normal myofibrillar ATPase activity discretely localised on the cross-striations (arrows) in a biopsy 
sample from a patient with normal postoperative ventricular function and echocardiographic dimensions. (Original 
magnification x 800.) (B) Patchy decreased levels in tissue sample from a case of postoperative impaired contractility. 
The discrete localisation is destroyed and there are only coarse clumps of activity, with distorted muscle in the 
intervening spaces. (Original magnification x 460.) Both (A) and (B) cut obliquely. 
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HISTOCHEMISTRY 

Preoperative histochemical studies were normal in 45 
(88%) out of the 51 biopsies from patients in group A 
(Table 1), and all five patients from this group who 
were restudied had normal enzyme activity (Table 2). 
Reduced levels of glycogen and of myofibril associated 
calcium-dependent ATPase and of the mitochondrial 
enzyme succinate dehydrogenase correlated with 
impaired ventricular function and cardiac dilatation 
after operation (Table 1) and one or more of these 
features were present in 11 (69%) out of the 16 patients 
in group B. Six out of the eight patients with un- 
successful outcome after surgery who were reinvesti- 
gated had reduced ATPase levels in the preoperative 
biopsies (Fig. 4B) and these changes persisted in the 
group of 13 patients studied before and after valve 
replacement (Table 2), decreased levels of succinate 
dehydrogenase were documented in five out of the 8 
intraoperative samples from patients included in group 
B (Fig. 5B), and succinate dehydrogenase was 
abnormal in four of the postoperative biopsies. 
Persistently abnormal levels of glycogen were noted 
before and after operation in four patients from group 
B (Table 2). 
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All patients with abnormal histochemistry also had 
abnormal interstitial fibrous content (see Tables | and 
2). 

Differences in histology and histochemistry between 
patients included in groups A and B were not 
altogether clear cut, as five patients with normal biopsy 
studies deteriorated after operation and seven patients 
with abnormal levels of fibrous content and/or enzyme 
markers experienced clinical and echocardiographic 
improvement. 


POSTOPERATIVE ANGIOGRAPHY 

Ten out of the 21 patients restudied had normal post 
Operative ventricular function and these 10 cases 
included seven patients in whom previously impaired 
contraculity improved significantly after surgery. The 
other 11] patients had large angiographic end-diastolic 
volumes and an ejection fraction of less than 45% after 
valve replacement; all these 11 cases were in the echo- 
cardiographic group B. Ventricular function and 
regional wall motion had either remained impaired 
(Fig. 6) or had deteriorated after operation in these 11 
patients. 





Fig. 5 
dehydrogenase reaction in a biopsy sample from a patient with good postoperative ventricular function (from 
group A). (B) Abnormally decreased levels of succinate dehydrogenase in a tissue sample obtained at 
postoperative cardiac catheterisation in a patient from group B who died a few months later from intractable heart 
failure vo years after valve replacement in spite of satisfactory valve function. M vofibrillar staining ts lost, and 
the reaction is confined to a few sarcosomes. 


(A) Succinate dehydrogenase, MTT, nitro-blue formazan method. Normal levels of succinate 
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Fig. 6 Radial analysis of segmental wall motion before (left) and after (right panel) aortic valve 
replacement for chronic volume overload. The bottom plots show the percentage shortening (vertical axis) 
against the radial angle (horizontal axis). Dotted lines represent +S D from the mean values obtained in a 
group of normal patients; the arrowed line is that of a patient with aortic regurgitation and normal 
coronary arteries. The preoperative study (left) showed severe generalised hypokinesia; ventricular 
function was grossly impaired in the postoperative study (right) performed 16 months after operation, 


despite satisfactory valve function. 


Discussion 


Aortic valve replacement in chronic volume overload 


usually leads to striking symptomatic and haemo- 


dynamic improvement. This is accompanied by a 
reduction in left ventricular hypertrophy and chamber 
size, and most patients achieve normal or near normal 
end-diastolic volumes after operation. In some 
instances surgical correction does little to alter the 


course of the disease, and these patients usually. 


develop progressive cardiac failure. Thus, optimum 
üming of valve replacement in chronic volume over- 
load is a difficult and challenging problem.! ? 

Most of the electrocardiographic voltage changes 
occurred within one year of valve replacement and 
studies after this period showed stable voltage measure- 
ments. Our group of patients with postoperative pro- 
gressive ventricular conduction abnormalities or 
bundle-branch block. on the electrocardiogram 
generally had persistent ventricular hypertrophy or 
dilatation. These probably represented late, irrevers- 
ible myocardial changes, and though some of these 
patients experienced clinical improvement, they were 
clearly at risk from subsequent death from congestive 
failure. 


Angiography and echocardiography are the methods 
of choice for evaluating ventricular hypertrophy, and 
various studies have shown that, though considerable 


regression of hypertrophy occurs after aortic valve re- 


placement, this is usually incomplete ?-!? In our study, 
the difference between the patients in both echo- 
cardiographic groups (Fig. 3) could not be explained by 
the value of the original end-diastolic dimension. Our 
data suggest that preoperative echocardiography 
cannot define the type and degree of left ventricular 
dilatation and hypertrophy which is irreversible. 
Though some studies have suggested that patients 
should undergo surgery once ventricular systolic 
dysfunction is detected echocardiographically,!! 4 
other investigators,’ }5 like ourselves, could not define 
this irreversible dysfunction from preoperative data. 
Our angiographic studies were mostly performed in 
patients whose postoperative course did not follow the 
expected pattern, and were therefore unrepresentative 
of the overall group. While seven patients with 
abnormal preoperative haemodynamics, however, 
showed an improvement in ventricular function, 11 
others showed either no change or a deterioration in 
postoperative contractility (Fig. 6). Angiographic 
systolic function in this series was therefore unhelpful 


596 


as a predictor of postoperative haemodynamics. 
The diagnostic capability of histological evaluation is 


well established,!6 but there are few studies correlating - 


pathological data with clinical findings. In this study 
we compared the biopsy findings with clinical and 
non-invasive data after correction of severe chronic 
aortic regurgitation, to establish whether histological 
changes were a contributory factor to impaired post- 
operative function. 
Fibrosis, often extensive, may accompany myo- 
cardial hypertrophy in valvular heart disease, and it is 
_ likely that myocardial hypertrophy is less reversible in 
those patients with considerable preoperative fibrosis. 
Moderately or severely increased interstitial fibrous 
tissue (grade III or IV) (Fig. 2) and loss of myofibrillar 
components from .the massively hypertrophied 
myocardial cells correlated with postoperative ventri- 
cular dilatation and impaired function (Tables 1 and 2). 
Most of the patients reinvestigated from group B had 
severe postoperative hypertrophy (mean 32:5 um) and 
persistently increased fibrous collagen tissue. The 
three patients who died from congestive failure during 
follow-up were in this group B. Similar correlation 
between postoperative symptoms of cardiac failure and 
preoperative fibrosis has recently been reported. — — 
. Histochemical studies on the tissues obtained before 
and after surgery from patients with postoperative 
cardiac dilatation (group B) showed abnormalities in 
the levels of certain.enzyme markers (Tables 1 and 2). 
Eleven out of these 16 patients had reduced levels of 
myofibril associated Ca++ dependent ATPase before 
valve replacement, and this abnormality was docu- 
mented in six out,of the eight patients restudied from 
this group. It is likely that this was associated with 
. grossly impaired ventricular function!5; the defective 
utilisation of high energy phosphates by the myofibrils 
and decreased metabolic substrates such as glycogen 
could also have contributed to further depression of the 
contractile function. Chronic mechanical overloading 
in rats may cause an isoenzymic shift in the com- 
position of cardiac myosin!? which could also partially 


account for the lower. ATPase activity-and decreased ` 


contractility. 

The decreased level of the mitochondrial enzyme 
succinate dehydrogenase in the biopsies from patients 
in group B (Tables 1 and 2) is of interest, suggesting 
. perhaps an irreversible abnormality in the properties or 

function of mitochondria.? Further work on the 
biochemical basis of physiological and pathological 
adaptations will undoubtedly elucidate the relevance of 
these histochemical observations. ] 

À normal preoperative biopsy was sensitive in identi- 
fying patients with an eventual successful outcome 
after valve replacement; the predictive value of this test 
was 89%. Five patients, howéver, "with normal 
. preoperative histological studies deteriorated post- 
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operatively, with echocardiographic evidence of 
persistent dilatation and hypertrophy. As prosthetic 
valve function was normal in these five patients, it can 
be speculated that operative factors such as myocardial 
ischaemia during the operation could have adversely 
affected cardiac haemodynamics. Histochemical 
changes resulting from cardiopulmonary bypass have 
been documented; methods of myocardial protection 
during this type of surgery have been evaluated using 
histochemical variables.?! 

An abnormal biopsy had a lower sensitivity in 


' predicting an unsuccessful outcome after valve replace- 


ment. Among 18 patients with abnormal myocardial 
histology or histochemistry, 11 (6196) developed 
persistent dilatation and hypertrophy after surgery, 


- and three of these 11 patients died from cardiac failure 


during the follow-up period. The fact that one-third of 
the patients with abnormal biopsies improved clinically 
and echocardiographically, however, remains un- 
explained and reduces the prognostic accuracy of this 
method. 

Because of the possible considerable topographic 
variation of the structured composition of the myo- 
cardium in chronic aortic regurgitation, we also 


“compared data from the small bioptome biopsies with 


those obtained from the larger operative specimen in 15 
patients before valve replacement. A good correlation 
was present, and these data confirm our recent ob- 
servation”? that, provided a minimum of four biopsies 
are obtained, small tissue samples are accurate in 
evaluating morphology and can therefore be used to 
predict prognosis. 


IMPLICATIONS OF STUDY 

The serial application of electrocardiography and echo- 
cardiography to patients undergoing valve replacement 
for chronic severe aortic regurgitation documented 
regression of hypertrophy and chamber size within 12 
months of surgery in all cases experiencing haemo- 
dynamic improvement. Those patients who had per- 
sistently increased patterns of myocardial hypertrophy 
and abnormal end-diastolic dimensions in the presence 
of normal prosthetic (homograft) function usually had 
persistent, irreversibly depressed myocardial function 
postoperatively (Table 3). Preoperative non-invasive 
and angiographic ‘characteristics could -not predict 
ventricular function after operation. Thus we could not 
define precisely what level of depressed ventricular 
performance or what degree of dilatation and myo- 
cardial hypertrophy constitutes an irreversible state 
from these data. Though operative factors such as 
myocardial. protection during cardiopulmonary bypass 
undoubtedly influence postoperative cardiac per- 
formance, preoperative histological and histochemical 
data were useful in delineating irreversible morpho- 
logical and functional changes contributing to a 


Aortic regurgitation and histochemical changes 


Table 3  Pre- and postoperative pointers to irreversible 
morphological changes contributing to a depressed cardiac function 
after surgery for chronic aortic regurgitation 





(D Preoperatrve ventricular biopsy data 
Massively increased myocardial fibre diameter (> 30 um} 
Grossly abnormal fibrous content 
Reduced levels of histochemical markers (ATPase, succinate 
dehydrogenase, glyc gen) 
(2) Postoperanve data 


Electrocardiography 
(A) Non-invasive (D. Persistently increased left ventricular 
voltages 
or 


Progressive conduction abnormalities 
6 to 12 months after operation 

Echocardiography 

i). Abnormal end-diastolic dimension six 

months after surgery 

Abnormal estimates of muscle mass 12 
months after surgerv 

Angiography 

Impaired systolic function and regional 
wall motion despite satisfactory valve 
function and normal coronary anatomy 


(B) Invasive 


depressed cardiac function. These data may therefore 
be of prognostic importance. 


Conclusion 


Because irreversible myocardial depression may be 
present before the development of significant symp- 
toms, aortic valve replacement may sometimes be 
recommended in patients with aortic regurgitation and 
minimal symptoms. Our echocardiographic and angio- 
graphic data could not define the type and degree of 
ventricular dysfunction which was irreversible. Pre- 
operative ventricular biopsies suggest that extensive 
morphological changes contribute to depressed post- 
operative function, and these histological data appear 
to be of prognostic significance. 
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Two dimensional echocardiographic diagnosis of partial 


papillary muscle rupture 


RICK A NISHIMURA, CLARENCE SHUB, ABDUL J TAJIK 


From the Division of Cardiovascular Diseases and Internal Medicine, Mayo Clinic and Mayo Foundation, Rochester, 


Minnesota, USA 


SUMMARY Two dimensional echocardiography showed partial rupture of the trunk of the posteromedial 
papillary muscle after acute inferior myocardial infarction. The findings in this case suggest that partial 


rupture may be a harbinger of complete rupture. 


By virtue of its ability to visualise noninvasively 
detailed anatomy of cardiac structures in real-time 
format, two dimensional echocardiography is ideally 
suited to diagnose mechanical (structural) compli- 
cations of acute myocardial infarction. Structural 
disruptions after acute myocardial infarction are un- 
common but are potentially correctable with timely 
diagnosis and treatment.! ? We describe a patient with 
acute partial papillary muscle rupture, complicating 
acute myocardial infarction, diagnosed by two dimen- 
sional echocardiography. 


Case report 


A 67 year old white man was transferred to the Mayo 
Clinic for evaluation of cardiogenic shock. He had a 
history of stable angina but no hypertension or 
previous myocardial infarction. Two weeks before 
transfer, the patient sustained an acute inferior myo- 

. cardial infarction, was admitted to hospital, and was 
found to be in shock, with pulmonary oedema. Despite 
initial improvement with medical treatment, he subse- 
quently became hypotensive again and was transferred 
for further evaluation. 

On physical examination, the patient was in respira- 
tory distress. The blood pressure was 100/60 mmHg 
and the pulse 100/min. The jugular venous pressure 
was raised. Bibasilar rales were noted. The left 
ventricular impulse, located in the anterior axillary 
line, was widened and hyperdynamic. No thrill was 
palpable. A grade 4/6 pansystolic apical murmur and a 
third sound were present. The remainder of the 
physical examination was normal. 

An électrocardiogram showed sinus rhythm and 
changes consistent with a recent inferior wall myo- 
cardial infarction. The chest x-ray film showed cardiac 
enlargement with pulmonary venous congestion. 


Bedside assessment of the haemodynamic data (Swan- 
Ganz catheter) is shown in the Table. 

Two dimensional echocardiography showed that the 
left ventricle was moderately dilated with depressed 
function. There was extensive and severe inferior wall 
hypokinesis, with involvement of the inferior septum 
and lateral walls as well, consistent with a large infero- 
lateral wall infarction. The anterior ventricular septum 
was hyperdynamic. À partial rupture of the trunk of 
the posteromedial papillary muscle was seen (Fig), 
with normal coaptation of the mitral leaflets. 

Using afterload reduction treatment and positive 
inotropic agents, the patient's condition remained 
stable. On the seventh hospital day, the patient 
suddenly became hypotensive and dyspnoeic, with an 
increase in the size of the “V” wave on the wedge 


tracing. This rapid deterioration was thought to be the. - 


result of further rupture of the posteromedial papillary 
muscle. A percutaneous intra-aortic balloon was 
inserted, and at operation the entire posteromedial 
papillary muscle was described as necrotic and 
ruptured. The mitral valve was excised and replaced 
with an Ionescu-Shiley valve. The patient's condition 
deteriorated after being taken off the bypass pump, 
and he died. 


Table Haemodynamic data (Swan-Ganz catheter) in patient 
with partial papillary muscle rupture 
Variable Value 
Right atrial pressure (mmHg) 17 
Right ventricle pressure (mmHg) 66/22 
Pulmonary trunk pressure (mmHg) 65/38 
Pulmonary capillary wedge l 
pressure (mmHg) 40 (*V" wave) 
Cardiac index (l/min per m2) 1-9 


No Oꝛ step-up 
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Papillary muscle rupture 





(A 


Fig. 
B. Schematic diagram depicting structures seen in A 


Discussion 


Rupture of a papillary muscle is a rare complication of 
acute myocardial infarction, being found in 0:9% of 
fatal myocardial infarctions at necropsy.* Rupture of 
the posteromedial papillary muscle is 250% more 
frequent than rupture of the anterolateral muscle, 
because of the former's single blood supply from the 
posterior descending coronary artery.* Rupture usually 
occurs during the second or third day after infarction 
but may occur later, with immediate death in 33% and 
death within 24 hours in 50% of patients.’ Because 
papillary muscle rupture is usually associated with 
small areas of necrosis and sparing of the myocardium 
surrounding the annulus,° early surgical intervention 
has been suggested to improve an otherwise poor 
prognosis.^ 7 

Recent reports have described the usefulness of two 
dimensional echocardiography in the diagnosis of com- 
plete rupture of the papillary muscle head(s).* * In our 
case, the echocardiographic observations suggested 
that the initial problem was that of partial rupture of 
the trunk of the posterior papillary muscle. The subse- 
quent sudden clinical deterioration with worsening of 
mitral regurgitation that occurred several davs later 
represented delayed complete rupture of the papillary 
muscle (as found at operation ). 

This observation supports the idea that complete 
(total) rupture of the papillary muscle may sometimes 
occur in stages, and that two dimensional echo- 
cardiography can be used successfully for diagnosis of 
partial (early) rupture. Since partial rupture is prob- 
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A) Foo dimensional echocardiogram. Apical mew showing partial rupture (arrow) of posteromedial papillary muscle (PM 
PW’, posterior wall; LV, left ventricle; LA, left atrum; MV , mitral valve 


ably a harbinger of complete rupture of a papillary 
muscle, visualisation of partial rupture of the trunk by 
two dimensional echocardiography may help identify 
high risk patients and may constitute an indication for 
earlier surgical intervenuon. 

This case further extends the usefulness of two 
dimensional echocardiography in elucidating the cause 
of sudden haemodynamic deterioration after acute 
myocardial infarction. 
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Picker International's Cambridge Division 
combines a long standing tradition of ECG 
superiority with the latest ECG technology. 


That’s the creative combination offered in 
the new CM-3000 3-channel System. All the 
ECG recording fidelity you’ve relied on for 
years is integrated into a mobile, compact 
instrument which is packed with user- 
oriented features. 


Our INTERACTIVE MEMORY eliminates the 
need to photocopy tracings. And combined 
with our OBSERVE, SEMI-AUTO and AC 
ELIMINATION features, it virtually assures 


perfect tracings every time. 

And since the CM-3000 is a true three- 
channel recorder, it produces records in real- 
time quickly and easily. The operator controls 
the instrument, not vice versa. 


The CM-3000 is modular, too, and our 
OBSERVER™ Stress Test System may be 
added at a later date. 


Write or call:— 

Picker International Ltd, P.O. Box No. 2, 
East Lane, Wembley, Middlesex, England, 
HAS 7PR. Tel: 01-904 1288 Telex: 922177 
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Dialog with Siemens 


Introducing Dialog. 
The more versatile 
Pacing Programmer 
System. 


Siemens designed the world's 
first implantable pacer in 1956. 
Twenty years later we had 
developed the first multi- 
programmable pacer — the model 
668 — built around a single 
integrated circuit. 

Now take another evolutionary 
step with us! 

The Dialog System is 
currently the most advanced 
diagnostic and clinical pacing aid 
on the market. The lightweight, 
portable Dialog programmer is 
designed to work with Siemens 
programmable pacemakers, both 
single- and dual-chamber, for the 
treatment of bradycardia and 
tachycardia. 
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The Dialog programmer For further details contact: 
works with the current Medical Group, Siemens Ltd., 
pacemaker systems, and is Siemens House, Windmill Road, 
designed to meet the future Sunbury on Thames, Middlesex 


generation of pacer demands. TW16 7HS. 
Tel: Sunbury (09327) 85691 
Tx: 8951091 
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Anomalous low insertion of right superior vena cava 


R M FREEDOM, M S SCHAFFER, R D ROWE 


From the Division of Cardiology, Department of Paediatrics, and Department of Radiology, The Hospital for Sick 
Children and the University of Toronto, Faculty of Medicine, Toronto, Ontario, Canada 


SUMMARY À 7 year old boy with complex congenital heart disease had a distinctive chest radiograph, 
and venous angiography showed anomalous low insertion of the right superior vena cava. 


Among patients with congenital heart disease, 
anomalies of the right superior vena cava are relatively 
uncommon.'- The usual anomalies are congenital 
absence, anomalous drainage of the right superior vena 
cava into the left atrium as an isolated anomaly, con- 
genital saccular aneurysm, and idiopathic dilatation of 
the right superior vena cava,* 3 

We report a rare anomaly of the right superior vena 
cava in a 7 year old boy with complex congenital heart 
disease who presented to The Hospital for Sick 
Children, Toronto.? 


Case report 


This child presented at 5 weeks of age with mild 
cyanosis and congestive heart failure. The electro- 
cardiogram showed so-called coronary sinus rhythm 
with a normal PR interval and negative P waves in leads 
II, III, and aVF. The frontal qRS axis was +80° and 
biventricular hypertrophy was evident. The chest x-ray 
film indicated a widened mediastinum, cardiomegaly, 
and pulmonary plethora. The heart was left sided and 
there was situs solitus. 

On cardiac catheterisation, the systemic saturation 
was 91% and the pulmonary artery pressure was at 
systemic level. Angiography showed a single left 
ventricle, an outlet. chamber, and concordant 
ventriculoarterial connections. The atrial situs was 
normal with right sided superior and inferior vena 
cavae and a left superior vena cava connected to the 
coronary sinus. Antifailure treatment was given, but 
because of refractory congestive heart failure the child 
underwent pulmonary artery banding and ligation of 
the left superior vena cava. 

Subsequent growth and development were excel- 
lent. Follow-up catheterisation at 7 years of age showed 
that systemic arterial oxygen saturation was 8696. The 
pulmonary arterial pressure distal to the band was 13 /8 
mmHg (mean 10 mmHg) and the peak systolic right 
ventricular pressure was equal to systemic pressure. 
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Ventricular angiography confirmed the anatomy and 
Showed the pulmonary artery band. Because the chest 
x-ray was unusual (Fig. 1), contrast material was 
injected in the right superior vena cava (Fig. 2). This 
showed anomalous low insertion of the right superior 
vena cava to the morphological right atrium, with 
separate atrial insertions of the superior and inferior 
vena cava. 


Discussion 


In 1975, Takanashi and colleagues’ reported 
anomalous high insertion of the inferior vena cava in a 
patient with a common atrium. They suggested that 
this venous anomaly originated from developmental 
failure of the sinoatrial fold and subsequent incomplete 
differentiation of the sinus venosus and its tributaries. 
In our case, the mechanism appears to be develop- 
mental failure of the right sinoatrial fold and 
incomplete absorption of the right anterior cardinal 
vein into the right limb of the sinus venosus. 

The diagnosis of this most uncommon anomaly 
could have been suspected from the plain chest x-ray. 
The vertical density to the right of the mediastinum 
was not typical of anomalous pulmonary venous 
drainage or the "scimitar" syndrome. Dupuis and 
colleagues? showed a very similar angiogram and 
described one patient in whom the right superior vena 
cava also assumed an extramediastinal course. 

Absence of the brachiocephalic vein was suggested 
as the cause of an extramediastinal superior vena cava.® 
Our experience suggests otherwise. In assessing 
systemic venous connections in hundreds of patients 
with congenital heart disease we have identified many 
cases with normal visceral and atrial situs and bilateral 
superior vena cavae with the left superior vena cava 
connecting to the coronary sinus without an interven- 
ing left brachiocephalic vein. Only the patient we are 
reporting now had such an abnormal plain chest x-ray 
or angiogram. 
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Fig. 1 Posterounterior chest x-ray showine 
ertically onentated linear area of 
increased density in the nght thorax hiti 

arrow) surrounded by lung. The heart 
is mildly enlarged and centrally positioned in 


j i j j 
thë chest; the pulmonary band ts in place 
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Fig. 2 (a) Posteroantenor frame from a cineangiocardiogram 
performed in the right superior vena cava showing anomalous low 
insertion of the right superior vena cava (white arrows) which 
connects to the nght arnum ( RA) slightly superior to the insertion of 
the right sided inferior vena cava. (b) Lateral of this injecnon h 
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Anomalous low insertion of right superior vena cava 


It is not surprising that our patient showed so-called 
coronary sinus rhythm on the surface electrocardio- 
gram.?? Though this rhythm is rarely seen in normal 
subjects, it is common among patients with intrinsic 
abnormalities of the sinus venosus, for example those 
with sinus venosus atrial septal defect, or the poly- 
splenia syndrome with azygos continuation of the 
: inferior vena cava. This rhythm implies that the sino- 
atrial node is abnormal and the atrial pacemaker is 
ectopic. Electrophysiological studies indicate that the 
abnormal P wave axis originates in the inferior left 
atrium or lower right atrium (including the orifice of 
the coronary sinus). 
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Immunological probes 1n cardiovascular disease 


Sir, 
Dr Haber's recent paper (Br Heart 7 1982; 47: 1-10) 
describes the use of Fab (digoxin-specific Fab frag- 
ments of sheep IgG/Wellcome) in the treatment of 
digoxin toxicity. We have used the drug in 13 patients 
who we felt would benefit from the rapid reversal of the 
effects of digoxin. Clinical and electrocardiographic 
improvement occurred within four hours in all toxic 
patients treated, with the exception of a neonate who 
was asystolic for 10 minutes before Fab was given. 
There were no overt immunological or haemodynamic 
side effects. 

We feel that attention should be drawn to the results 
(Table) obtained with various radioimmunoassays 


Table Plasma digoxin levels (ug/l) 

Assay method 

A. B co 
0 Bou after Fab HE ND Py 





ND, not detected. 

A: In-house, PEG. 

B: Becton-Dickinson Immunodiagnostics Kit. 
C: Corning Medical and Scientific Kit. 


before and after Fab treatment. The assays gave 
acceptably similar results for samples before Fab, but 
we found a wide variation in values after treatment. 
Interpretation of the data from all three assays is diffi- 
cult, but method B, involving a charcoal separation, 
probably reflects digoxin in excess of the binding 
capacity of Fab, while method C, which employs a solid 
phase antibody, probably indicates the excess of 
digoxin binding sites. The polyethylene glycol (PEG) 
assay results are the most difficult to interpret as they 
give an unreliable measure of the lowering of digoxin 
levels as a result of variable Fab interference in the 
assay. 

We suggest that a charcoal based assay may give the 
simplest, most readily available indication of the circu- 
lating bioavailable digoxin, avoiding lengthy equilib- 
rium dialysis procedures. Studies are in progress to 
validate the use of simple assay techniques to measure 
the concentration of bound and unbound digoxin and 
total Fab binding capacity, and to characterise Fab 
pharmacokinetics in man. 


K Jennings, 

P C Adams, 

I Gibb, 

A J Parnham, 

Department of Cardiology, 
Freeman Hospital, 

Newcastle upon Tyne NE7 7DN. 


This letter was shown to Dr Haber who replies as 
follows: 


Sir, 

The question raised by Jennings and his colleagues is a 
difficult one to resolve. None of the methods that they 
have used to determine free digoxin concentration is 
entirely reliable. As they correctly point out, assay 
methods based on an immobilised antibody yield false 
results because all the labelled digoxin is bound to 
excess Fab from the patient’s plasma. Any assay 
method based on precipitation of antibody will give 
uncertain results, because the conditions for precipi- 
tation of Fab and antibody differ and are dependent on 
the method chosen. The charcoal method for absorb- 
ing free digoxin is likely to be more reliable, but only if 
the affinity of the Fab used in therapy is similar or 
higher than the affinity of the assay antibody. If the Fab 


-is of significantly lower affinity, then there will be 


transfer of labelled digoxin from Fab to charcoal, 
resulting in falsely raised free digoxin concen- 
trations.!2 The only entirely reliable method is 
equilibrium dialysis, though this is admittedly tedious, 
time consuming, and not really applicable to the 
routine clinical laboratory. 
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Echocardiographic dimensions 


Sir, 

The terms used to describe echocardiographic dis- 
plays give food for thought. M-mode display is usu- 
ally distinguished from the more recently developed 
formats which more readily show anatomical struc- 
ture. The latter tend to be described as either “two 
dimensional" or *'cross-sectional". Neither is perfect 
to distinguish this display from M-mode, because the 
M-mode technique also displays cross-sectional 
anatomy. It does so in at least the two dimensions of 
length and breadth, the breadth representing the 
dimension of time. What is certain is that it is incor- 
rect, as Veyrat and her colleagues do in the June 
issue,! to describe M-mode echocardiography as “one 
dimensional". I am told that it is not possible for 
anything to exist in only one dimension. If one uses 
the term “two dimensional” to describe the more 


obviously cross-sectional format, there is the immedi- 
ate temptation to contrast the M-mode technique as 
“one dimensional". Might I suggest it would be good 
general editorial policy to avoid references to dimen- 
sion and to distinguish the different displays as ““M- 
mode" and “cross-sectional’’, respectively. 


RH Anderson, 


Cardiothoracic Institute, 
Fulham Road, 
London SW3. 
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European Society of Cardiology working group on 
“Thrombosis and platelets” 


This meeting, to be held in Bordeaux, France, on 7 to9 
April 1983, will be entitled *Anti-aggregative agents: 
mode of action and clinical evaluation. Progress report 
and new developments". Inquiries to Professor H 
Bricaud, CHU de Bordeaux, Haut Lévégne, 33604 
Pessac, France. 


International Congress on Electrocardiology 


The 10th International Congress on Electrocardiology 
(24th International Symposium on  Vectorcardio- 
graphy) will be held on 16 to 19 August 1983 in 
Bratislava, Czechoslovakia. For further information 
contact: Dr I Ruttkay-Nedecky, 81371 Bratislava, 
Siekiewiczova 1, Czechoslovakia. 


Subacute bacterial endocarditis 


A survey is currently being carried out by the British 
Cardiac Society and the Medical Services Study Group 


of the Royal College of Physicians. Though 
improvement of dental prophylaxis is one objective, 
the survey is already yielding other valuable 
information. It ishoped that proformas will be received 
in respect of a high proportion of patients with 
subacute bacterial endocarditis in the British Isles seen 
during 1981 and 1982 and readers are asked to arrange 
for them to be submitted in respect of any cases that 
come to their notice. Proformas can be obtained from 
Sir Cyril Clarke, Medical Services Study Group, 
King's Fund Centre, 126 Albert Street, London NW1 
7NF (tel. 01-267 6111, ext. 263) to whom they should 
be returned. 


British Cardiac Society 


The Annual General Meeting for 1983 will take place in 
Bristol on 12 and 13 April, and the closing date for 
abstracts will be 4 January 1983. 

The Autumn Meeting will be held at Wembley on 21 
and 22 November 1983, and the closing date for 
abstracts will be 28 July 1983. 
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